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INTRODUCTION 
Agriculture in the United States is in a process of mak­
ing a conversion from a cash and row crop system to a grass­
land system-* (53, p. 313). This conversion has been, in pert, 
stimulated by l) and increased interest in controlling soil 
erosion and 2) acreage control programs which allow farmers 
to sucstitute in production forage crops for grain crops. 
Such incentives which increase the supply of forages relative 
to grains create problems of how to utilize these forages in 
the most profitable manner.** Of the various alternatives 
available, livestock enterprises could be expanded and/or 
forages could be substituted for grain in the feeding ration. 
With beef fattening enterprises, the range of substitution of 
forage for grain will generally be greater between feeding 
'•"•Grassland farming is defined by 5 tailing s (53, p. ,315) 
to be "... a system based on adequate and intelligent use of 
grasses and legumes, a system in which the grasslands are an 
integral part of the cropping scheme; a system in which some 
areas, unsuited for cultivation, are converted to permanent 
grasslands; a system in which other areas are placed in crop 
rotations with a sufficient proportion of grasslands to pro­
tect the soil and give profitable and sustained production 
of the cultivated crops. 11 
**It has been stated by Heady ert al. (23, p. 452), and 
shown elsewhere by Heady (18), that whether a shift of land 
from grain crops to forage crops will increase or reduce total 
output depends upon "... (l) the extent and rates at which 
crops substitute for each other in the crop rotation, (and) 
(2) the extent ana rates at which these crops as feed sub­
stitute for each other in the livestock ration. 
2 
systems than within any one feeding system.* Of course, the 
amount of forage and grain that will be utilized and the rate 
as well as the range over which one feed substitutes for the 
other will depend upon the specific beef feeding system 
selected. 
Within any one beef feeding system, farm managers must 
choose from the various combinations of forage and grain the 
least-cost combination of feeds (ration) which will produce 
a given livestock product ready for the market at a time when 
the price is such as to maximize profits. While there Is a 
tremendous amount of information available on livestock feed­
ing, there still exists considerable doubt and confusion, part 
of which is due to the numerous beef feeding systems, as to 
the extent forages will substitute for grain in the feeding 
ration. Therefore, there is a need for additional Information 
as to the technical and economic forces affecting the returns 
from different forage-grain rations fed under different beef 
feeding systems. 
Nature of the Problem 
Agronomic studies have shown that where soil erosion is 
an acute problem grass and legume crops are especially effec-
*Bradford and Johnson (7, pp. 271-273) give a listing of 
13 different systems of operating a beef fattening enterprise. 
These different systems were set up by farm management re­
search workers from the North Central States. 
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tlve as a control measure. Erosion control problems are more 
acute on rolling to hilly soils than on gently sloping to 
r 
level soils. Since soil erosion is less under grass and 
legume crops than under row crops, high-forage rotations are 
recommended in rolling and hilly soils in order to obtain 
comparable erosion control. In many agricultural areas, the 
soil loss resulting from a high percentage of the land in row 
crops emphasizes' the need of a cropping system including 
grasses and legumes. In order to reduce soil erosion in these 
areas an increased.acreage of grasses and legumes may be 
needed in the rotations. 
When an increase in the acreage of forage increases the 
supply of forage relative to grain (which depends on how the 
grain crops and forage crops substitute• in the crop rotation), 
then this introduces the problem of how to utilize the forage 
in a profitable manner. In order for a farmer to make a 
decision as to the most profitable utilization of forages 
requires that he have a knowledge of how forages, and espe­
cially pasture forages, substitute for grain in the livestock 
ration. The feasability of substituting pasture forage for 
grain will depend upon the feed price ratio and the rate 
at which the feeds substitute for each other, and the rate 
of substitution will depend upon the class of livestock fed 
and the particular feeding system selected. 
One opportunity for utilizing pasture forages is a beef 
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fattening enterprise where pasture forages and corn are used 
as the fattening ration. However, relatively little is known 
of how pasture forages and corn substitute for each other in 
a beef fattening enterprise, yet without such information it 
is impossible to determine which combination of forage and • 
corn should be fed in order to maximize profits. Profit max­
imization in a beef fattening enterprise depends not only upon 
feed costs, but also upon the time of marketing. A pasture 
forage-corn ration that "minimizes costs" may not necessarily 
be the ration that maximizes profits since profits are also 
affected by the time of marketing. The main objective of 
beef fattening is to improve the quality of the beef cattle 
but during the fattening period both the quality and the 
price per pound of the beef cattle change. Thus, the farm 
manager is concerned with selecting the least-cost pasture 
forage-corn ration that will place the beef cattle on the 
market finished to a grade at the time when the expected 
market price will be such as to maximize profits. 
Scope and Objectives of the Study 
The experiment upon which this study is based was de­
signed to provide data that could be used to estimate the beef 
cattle production function and substitution rates between two 
kinds of feed — corn and fresh-chopped pasture forage (soil­
age). The experimental data provides for estimates of the 
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substitution rates between the two feeds for various combina­
tions of the two feeds (rations) and, furthermore, provides 
for estimates of the most profitable combination of feeds 
under particular economic circumstances. 
Also, included in this study is a review of the economic 
and production relationships that are relevant to a study of 
this nature. These concepts are then used to develop and con­
struct a theoretical model that may be used to obtain an eco­
nomic solution to some of the problems in livestock feeding. 
The empirical results of the study are restricted by the 
limits of the experimental data. The feeder cattle used in 
the experiment were approximately 850 pound good-to-choice 
feeder steers. Therefore, the estimated relationships derived 
in the analysis will not necessarily apply to all other 
classes and grades of cattle. Furthermore, the feeding period 
is limited to the pasture growing season since the rations fed 
in the experiment were restricted to various combinations of 
the two feeds — corn and fresh-chopped pasture forage (soil­
age) • 
The beef feeding experiment, mentioned above, was con­
ducted at two separate locations. The only difference in the 
experimental design between the two locations was that stil-
bestrol was fed in the rations at one location and not at the 
other. This difference confounds the effects of stilbestrol 
with location. Thus, any difference that may exist between 
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the stilbestrol and non-stilbestrol. rations cannot be 
attributed simply to stilbestrol. The beef feeding experi­
ment may be treated, however, as two separate experiments 
conducted at two different locations — one where stilbestrol 
was fed in the rations and the other where stilbestrol was 
omitted from the rations. However, any comparisons that may 
be made between the stilbestrol and non-stilbestrol rations 
have to be made cognizant of the fact that they are not 
directly comparable. 
The specific objectives of this study are: l) to deter­
mine the rates at which pasture forage and corn substitute in 
the beef fattening process, 2) to determine the rate at which 
such feeds are transformed into beef gains for different 
pasture forage-corn rations, 3) to determine the time required 
to produce different levels of gain for different pasture 
forage-corn rations, 4) to determine the quality of beef 
cattle (i.e., the grade) produced from various pasture forage-
corn rations, 5) to estimate, under different price condi­
tions, the feed-gain-grade combination that will maximize 
profits for the pasture season, 6) to compare the various 
rations with and without stilbestrol, and 7) to consider new 
functional forms for evaluating feed-gain relationships. 
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BASIC CONCEPTS 
In order to provide the basis for the formulation of the 
logic that will be adapted to specific livestock feeding prob­
lems as posed in the preceding chapter, a review of the rele­
vant economic theory and production relationships seems neces­
sary. In this chapter these fundamental concepts will be 
presented, not necessarily in full detail, but rather to show 
the relationships that can be adapted so as-to provide a 
theoretical solution to the pertinent problems. These con­
cepts so adapted will provide the basis for the hypotheses 
and the analytical framework within which this study is con­
ducted. 
Production Function 
The relationships between resource inputs and product 
output can be characterized by a production function. Thus, 
a production function is a mathematical expression describing 
this functional relationship. A knowledge of the production 
function is of primary Importance for not only does it show 
the factor-product transformation but it also serves as the 
basis for the derivation of the marginal products for indi­
vidual factors, the iso-pro duct contours (1 so quants), „the 
isoclines, and the substitution rates between factors. 
The production function in its most general form may be 
written as 
8 
(1) & = g(%]_, x2, . .., xn) 
where & is the product output and the Xj_'s (i = 1, 2, n) 
are the variable resource inputs. However, in the case where 
only two resource inputs are considered variable the produc­
tion function in its most general form may now be written as 
(2) & = g(xx, x2 | x3, ..., xn). 
When the production, function is written in this form it indi­
cates that x^ and Xg are variable resources and that x^, ..., 
xn are fixed resources (i.e., the former are allowed to vary 
while the. latter are fixed in quantity during the production 
period). While equation 1 denotes the case where all re­
source inputs are truly variable, most nutritions studies 
are carried on under the assumptions of equation 2 (i^e., 
some of the resources are considered fixed in quantity). 
Production surface 
It is possible to represent the production function under 
the assumptions of equation 2, which is a two variable func­
tion, as a production surface : This surface represents the 
output obtained from various amounts and combinations of the 
two variable resources. 
For illustrative purposes let G denote the pounds of gain 
per steer, x^ denote the pounds of grain fed per steer and 
Xg denote the pounds of forage fed per steer. The production 
surface may now be located graphically by measuring the 
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pounds of gain per steer, G, on the vertical axis and the two 
feeds, x-j_ and Xg, on the respective horizontal axis. This 
concept is illustrated in Figure 1. 
For each point on the gain surface there exists a unique 
set of coordinates (x1, Xg) on the feed plane• Any two points 
on the feed plane represent either the same amount of gain on 
the gain surface (i.e., they lie on the same isoquant) or 
they represent different levels of gain on the gain surface 
(i.e., they lie on different isoquants). Furthermore, any 
two points on the feed plane represent either different 
rations or different levels of feeding of the same ration. 
Iso-product or Isoquant curves 
A horizontal slice of the production surface projected 
down on the feed plane gives the locus of the various combi­
nations of the two feeds that will produce the same gain. 
This locus or curve describes the various combinations of the 
two inputs that may be used in producing the same quantity of 
output and is called an iso-product or an isoquant curve. 
In a similar manner a family of isoquants may be developed 
with each Isoquant representing a particular quantity of gain. 
This concept is shown in Figure 1, but may be reduced to a 
two-dimensional figure such as in Figure 2. On the produc­
tion surface in Figure 1, contours depicting increasing levels 
of equal gain are represented by a, b, c and d, respectively. 
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QUANTITY OF GRAIN 
Figure 2. Linear isoquants for the linear production 
surface in Figure 1 
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The counterparts of these contours have been reproduced on the 
feed plane in Figure 2. 
The particular relationship between the two feeds with 
gains constant depends upon the nature of the production func­
tion. That Is to say, the particular shape of the isoquants 
depends upon the shape of the production suface. If, as in 
Figure 1, the production function is linear and homogeneous, 
the isoquants will be linear and parallel to each other. 
The isoquant curves can be defined for a two variable 
production function, such as G- = g(x-j_, Xg), by 
(3) g(x1, x2) = k 
where k is a constant, representing the output value of a 
particular isoquant. Hence, all values of X]_ and Xg that 
satisfy equation 3 trace out an isoquant in the x^, Xg plane. 
Rate of substitution 
The slope of the isoquant curve gives the rate at which 
one input substitutes for another input. Therefore, the mar­
ginal rate of substitution (MRS) may be defined as the amount 
one resource must be decreased, in order to keep the total 
output constant, as the input of another resource is increased 
by 1 unit. " The marginal rate of substitution between two in­
puts, such as X]_ for Xg, may be thought of as being the nega­
tive inverse ratio of the marginal physical product (MPP) of 
the two inputs, i.e., 
13 
(4) iviHSXl for X2 - " MPPXg " - dx]_ '* 
In Figure 2 the marginal rates of substitution between 
the two feeds are constant since the isoquants have a con­
stant slope. Even though two resources may substitute at 
constant rates they are not necessarily perfect substitutes, 
one for the other. 
Ration lines 
Total output may be increased, within the range of the 
substitutibility of the inputs, by either holding the quantity 
of certain inputs constant and increasing the quantity of all 
*By definition the MPP of x-j_ and xg is, respectively, 
(1) MPPXl = •£_&_ and (2) MPPXo = . 
x d X]_ « Q Xg 
Since the total differential of the production function is 
(3) dG = -SJL dx, + dxp 
0 xl 3 xg . 
and since dG = 0 along- any Isoquant then 
(4) 0 = jLÇL dx-i + -2JL dXp 
0 %1 9xg 
and thus 
dx, 
(5) ^2_ / 2Jk P . 
a xi ax2 
cLx 
Therefore, the MRS of x^ for Xg is defined by - (27, p. 
47f). 1 
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inputs in some unprescribed manner. The special case where 
all inputs are increased in a fixed proportion is of special 
interest. In livestock, feeding this special case is referred 
to as the feeding ration where the inputs are now different 
feeds and are increased in some predetermined fixed propor­
tion. The ration lines are straight lines and must neces­
sarily pass through the origin since the feed is fed in fixed 
proportions at all input levels. Furthermore, the ration 
lines will cross Isoquants of increasing higher order as they 
extend outward as rays from the origin. This concept is 
illustrated in Figures 1 and 2 where OR^, ORg, ORg and 0R4 
represent the fixed feed ration lines. Line OR^ indicates 
a ration of feed xg while line OR4 indicates a ration of 
feed x^. Lines ORg and ORg represent constant ratios between 
the quantities of the two feeds Xj and Xg. 
Ration lines can be thought of as scale lines,* since 
they are the same lines. Therefore, it is possible with the 
aid of the ration lines to show if the feeds are transformed 
into gains at an increasing, constant or decreasing rate. 
For example, if the isoquants a, b, c and d, in Figure 2, 
represent 25, 50, 75 and 100 pounds of gain, respectively, 
and if the line segments Oa1 = a'b' = b'c' = c'd1, then feed 
*Scale lines are used to show the returns to scale as 
all inputs are increased in the same proportion. 
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is transformed into gain at a constant rate. 
The input-output or feed-gain transformation curve for 
each ration is another important relationship in livestock 
feeding which can be derived from the production function. 
Feed inputs along each ration line are combined into a ration 
in constant proportions. Therefore, if a vertical slice is 
made along a ration line, the total quantity of feed in the 
fixed ration is readily determined as is the total gain asso­
ciated with the total feed inputs. This concept may be re­
duced from a cumbersome three-dimensional figure, such as 
Figure 1, to a two-dimensional figure, as illustrated in 
Figure 3. Since the production function in Figure 1 is 
linear, the feed-gain transformation lines in Figure 3 are 
also linear. 
The transformation curves show the total quantity of 
gain forthcoming from various quantities of the given ration, 
while the slope of the curves indicates the rate at which the 
given ration is transformed into gain. 
Isoclines 
A line connecting all points of equal rates of substi­
tution on successive isoquants is called an isocline. The 
pattern of a family of isoclines for a production surface 
depends upon the nature of the production function. There­
fore, a family of isoclines, depending upon the nature of the 
16 
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production function, may be l) linear- or curvilinear or both, 
2) they may extend outward from the origin or from the axes 
or both, 3) they may converge at some point in the input 
plane, indicating a maximum output, or 4) they may extend 
outward and never reach a maximum output. This concept is 
illustrated in Figure 4. 
Certain isoclines within a family of isoclines are of 
special interest and, hence, have been given special names. 
The two isoclines that indicate the points on successive iso­
quants where the substitution rates between the inputs become 
zero, or where the inputs become complementary, are called 
"ridgelines11,' as illustrated in Figure 4. Thus, they define 
the area in which the inputs are substitutable and, further­
more, they define the area within which the decision is to be 
made as to the optimum combination of inputs. 
The isocline that indicates the least cost combination 
of inputs for a given price ratio of inputs is called an 
"expansion path". The expansion path defines the combina­
tions of inputs, given the price ratio of the inputs, that 
will give the least cost for successive levels of output. 
This optimum combination of inputs may change or remain con­
stant for various levels of output depending upon the nature 
of the production function. When the optimum combination of 
inputs remains constant for all levels of output, the expan­
sion path, the scale line and the ration line will coincide. 
18 
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Returns to scale 
Returns to scale refers to how output responds when all 
inputs are increased in the same proportion. If output in­
creases in the same proportion as the Inputs, returns to scale 
are constant. Returns to scale are increasing if output in­
creases by a greater proportion than the inputs and the re­
turns to scale are decreasing if output increases by a smaller 
proportion. 
Returns to scale can be easily shown for homogeneous 
production functions. A production function, e.g., G- = 
g(xi,xg), is homogeneous of degree s if 
(5) g(kx1,kx2) = k^gtx^xg) 
where k is any positive number and s is a constant. There­
fore, if inputs x1 and Xg are both increased by amount k 
output will be increased by ks• If s = 1 returns to scale 
will be constant, if s > 1 they will be increasing and if 
s < 1 they will be decreasing. 
The classical production function exemplifies all three 
stages of returns to scale. At low levels of input there 
exists first increasing returns to scale, then over some por­
tion of the curve constant returns and finally at greater 
input levels decreasing returns. 
The returns to scale, concept differs from the law of 
variable proportions where only one input is allowed to vary 
while all other inputs are held fixed. 
Least Cost Combination 
Once the technical conditions of production have been 
determined, factor prices need to be introduced in order to 
determine the optimum combination of inputs for various levels 
of output such that the cost of production will be a minimum 
for such levels of output. That is, the ratio of factor 
prices is the choice indicator that is used to determine the 
optimum combination of inputs for various levels of output. 
Where the market structure is relatively competitive as 
in agriculture, a single intrepreneur cannot significantly 
affect the market price of factors by the quantity he buys 
nor can he affect the market price of products by the quan­
tity he sells. Therefore, the market prices of factors used 
in production will remain unchanged and independent of the 
level of output a farmer may choose to produce. Similarly, 
the market prices of the products he has to sell will remain 
unchanged and independent of the quantity he places on the 
market. 
An isocost line is defined by the various combinations 
of inputs that may be purchased for a given total cost. The 
slope of this isocost line is equal to the negative recipro­
cal of the input price ratio. A family of isocost lines may 
be generated by varying the total expenditure for inputs. 
The isocost lines will intersect many isoquants and will 
become tangent to one isoquant which will indicate the max­
21 
imum amount of output that can be produced for a given total 
cost, and at the point where the two curves are tangent they 
will have equal slope. Since the slope of an isoquant is the 
marginal rate of substitution of one input for another in 
production and the slope of an isocost line is the inverse 
ratio of the input prices, then the point where the two curves 
are tangent defines the least cost combination of inputs for 
a given output. The locus of the expansion path may now be 
traced out by connecting the points of least cost on succes­
sive isoquants. This concept is illustrated in Figure 5 
where C^, Cg, and Cg are three isocost lines of a family of 
isocost lines where Cg > Cg > and Qg, and Qg are three 
Isoquants of a family of isoquants where Qg > Qg > Q^. Points 
a, b, and c represent points of least cost for different 
levels of output and OE represents the expansion path. 
If the prices of the inputs x^ and Xg are P%^ and PXg, 
respectively, then the point of the least cost combination, 
for a given output, will occur when 
(6) 
" 
= 
" Hi = • = MRS*1 *2 • 
•If £1 > iLS " then ^>^21 eo that it is 
x2 a XI Px2 Pxl 
*Throughout the remainder of this thesis, the negative 
sign on the marginal rate of substitution will be omitted. 
This procedure is in accord with the general practice since 
the substitution rate is negative in all rational areas of 
production. 
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profitable, in the production of a given output, to substi­
tute Xg for until the ratio of the marginal physical 
products of a factor to the price of the factor are equal 
for all factors which is the least cost combination of in­
puts. 
Pxl / 9*2 MPPx2 / MPPxl If 5— < , then -=—- —- , and so in this 
x2 3*1 x2 Pxl • 
case it now becomes profitable to substitute for xg in 
the production process. However, if, as in (6), 
Ja.îs. ... 
Px2 3X1 x2 pxi 
and there is no incentive to substitute one input for the 
other. 
Since the least cost combination of inputs occurs on 
different isoquants where 
(7) 
the equation of the expansion path may be derived algebra­
ically from (7) to give 
(8) xx = x(xg, PXl, PX2) • 
Profit Maximization 
Any rational entrepreneur who is attempting•to maximize 
profits, and is producing a homogeneous product at all levels 
of output, will carry on production with an input combination 
24 
that lies on the expansion path. The mere selection of a 
combination of inputs that lie on an expansion path does not, 
of course, assure that maximum profit will be attained. 
However, for any given output the lowest cost of production 
will be that combination of inputs that lie on the expansion 
path corresponding to that level of output. Since profit is 
defined as total revenue minus total cost, then maximum profit 
will occur at that output where total revenue minus total cost 
attains a maximum. The output that maximizes profits can be 
shown to be the same output where marginal revenue Is equal 
to marginal cost.* The cost of producing various levels of 
output, using the combination of inputs indicated by the ex­
pansion path, will provide a series of costs that can be used 
to plot a total cost curve. In a like manner, the revenue 
obtained from the output at the various levels of production 
will provide a series of revenues that can be used to plot a 
total revenue curve. 
Total costs will be increased by the amount of the fixed 
costs which are the costs for the factors of production which 
were held fixed during the production process as explained In 
an earlier section. The total revenue curve may be assumed 
to be linear since the price of the output is not considered 
*The second order condition for profit maximization 
requires that the marginal cost curve is rising. 
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a function of the level of output. 
The concept of profit maximization is illustrated in 
Figure 6. The level of output where profits will be max­
imized occurs at the output 0Q' for at this level of output 
total revenue minus total cost is a maximum. 
26 
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A THEORETICAL MODEL 
In the last chapter some of the basic economic and pro­
duction relationships were examined as a basis for developing 
the logic necessary to construct a theoretical model to obtain 
an economic solution to some of the problems in livestock 
feeding. In the present chapter a theoretical model is 
developed to hypothesize logical production functions, iso­
quants, isoclines, marginal rates of substitution and related 
economic quantities that pre needed for en economic solution 
of problems in beef cattle feeding. 
Production Functions 
The various classes of feeder cattle will not have 
exactly the same production function. According to nutrition 
theory, feeder calves require less feed per 100 pounds of gain 
tirrarr yearling feeders which in turn require less feed than 
two-year old feeders. Also, the nutritive requirements for 
fattening calves are different from those for yearlings or 
for two-year olds (46, p. 204; 48, p. 4). While the various 
classes of feeder cattle may have different production func-
' tions, nevertheless, the concepts presented in this section 
may well apply to all classes of feeder cattle. 
The production function for feeder cattle will generally 
involve a large number of resource inputs, such as the produc­
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tion function 
(9) G = gU-p x2, ..., xn) 
where G is pounds of gain and X]_, .. ., xn are resource inputs. 
However, for the purpose of this discussion only two feed re­
sources, corn and forage, are considered as variable resources 
which can be varied in quantity during the production period. 
Even though the production is limited to two variable re­
sources, the concepts that are presented can be applied to 
feeding problems Involving more than two variable inputs. 
The production function with two variable resources may then 
be written as 
(10) G = g(C, F \ x3, ..., xn) 
where C is -the corn input and F is the forage input and the 
other variables, x3, ..., xn, are resource inputs that are 
fixed in quantity during the production period. 
One possible production function for feeder cattle is 
the linear production function which gives a linear produc­
tion surface as shown in Figure 1. Since the production sur­
face is linear, it indicates constant returns to. feed (i.e., 
each successive increment of feed for a given ration produces 
similar increments of gain as illustrated in Figure 3). 
Under the assumptions of this model no feed is limitational 
so that gains can be obtained with a ration of only corn or 
only forage or a ration made up of any combination of the 
two feeds. The Isoquants corresponding to this function, 
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shown in Figure 2, indicate that the marginal rate of substi­
tution between feeds is constant for all levels of gain 
(i.e., the marginal rate of substitution between feeds between 
rations is constant, for any given level of gain) . Further­
more, the marginal rate of substitution between feeds will be 
constant for any given ration regardless of the level of gain. 
The' least-cost ration, under the assumptions of a linear 
production surface, will generally be.either a ration of only 
corn or only forage. The only time a least-cost ration could 
include both forage and corn, such as Rg or Kg in Figure 2, 
would be the special case when the isocost line had a slope 
identical to the slope of the isoquants and even under these 
conditions such a ration would not be preferred to a ration of 
either all corn or all forage under the least-cost criteria. 
If the production surface is linear then there is no 
limit to the amount a feeder may gain. Therefore, if it is 
ever profitable to feed any ration it will certainly be 
profitable to feed an infinite amount of that ration. 
While the production surface for feeder cattle, may be 
linear over a portion of the surface, it appears rather 
illogical to assume the surface to be linear over all ex­
tremes. For to assume the isoquants are strictly linear 
with a constant marginal rate of substitution between feeds, 
assumes that the two feeds perform the same biological func­
tion and differ only in their effectiveness of'producing gains 
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unless the marginal rates of substitution between feeds is 
equal to one (63, p. 30). Furthermore, to assume that the 
feed-gain transformation curves are linear, as in Figure 3, 
assumes that for any given.ration a feeder animal will put 
on gains as efficiently at the end of the feeding period as 
at the beginning of the feeding period. 
The hypothesis that the feed-gain transformation curves 
are linear appears to be illogical on the basis of economic 
logic and experimental evidence. According to animal nutri­
tion theory (46, pp. 180, 202) an animal requires more feed 
for maintenance per 1000 pounds of liveweight as it becomes 
fatter, partly due to the larger body surface and partly due 
to the fat condition itself. In addition an animal may 
actually consume less feed per 100 pounds of liveweight as 
it becomes fairly fat, therefore there will be less nutrients 
left for additional gains after having met the maintenance 
requirements. Hence, one would expect decreasing returns to 
feed as an animal becomes fairly fat. 
Another possible production surface for feeder cattle is 
shown in Figure 7. The feed-gain transformation curves 
corresponding to this production surface are shown in Figure 
8. The feed-gain transformation curves indicate that for any 
given ration there exists diminishing returns to feed. That 
is, each additional increment of feed, of a given ration, 
produces smaller and smaller increments of gain. The iso-
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quants for this function are shown in Figure 9. Since the 
isoquants are now convex to the origin and are no longer 
linear, as with the linear production surface, indicates 
that for any given level of output the two feeds substitute 
at diminishing rates. Therefore, the substitution rate be­
tween feeds will be different between rations for any given" 
level of gain. Furthermore, since the isoquants intersect 
* . 
both axes assumes that neither feed is limitational (i.e., 
gains can be produced with a ration of either only forage or 
corn as well as any combination of the two feeds). 
Even though this latter production surface allows for 
diminishing returns to feed and is a more logical model than 
the linear production surface It is still quite unlikely"that 
it adequately represents the feed-gain relationships of beef 
cattle feeding. While the exact nature of the feed-gain pro­
duction surface has not been established a more logical model 
is shown in Figure 10. 
Under the assumptions of this model there is a minimum 
amount of forage that must be included in the ration if gains 
are to be maintained over a long period of time. This assump­
tion is consistent with nutrition theory (48, p. -6), for the 
need of at least a minimum amount of roughage in the fatten­
ing ration of beef cattle is well recognized. The require­
ment that at least a minimum amount of roughage must be in­
cluded in the ration of beef cattle specifies the limiting_ 
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corn-forage ration that can be fed if gains are to be main­
tained. This concept is illustrated in Figure 10, where the 
physiological limiting ration is denoted by the line OR^. 
This model provides for diminishing returns to feed for 
all rations, as shown by the feed-gain transformation curves 
in Figure 11. Also, since the isoquants, Illustrated in 
Figure 12, are non-linear and convex to the origin, the sub­
stitution rate between feeds will decline for any given level 
of gain. That is, the rate of substitution between feeds 
will be different for different feed rations for any given 
level of gain. Moreover, along any one ration line the rate 
at which feeds substitute one for another will also vary. 
This change in the rate of substitution between feeds along 
any one ration line and between rations for any one level of 
gain is supported by animal nutrition theory (46, pp. 203, 
205). For the fattening of meat animals, most of the fat is 
generally formed from carbohydrates and the value of differ­
ent feeds for the formation of fat depends upon the amount 
of net energy or total digestible nutrients in the feed. 
Furthermore, as an animal becomes fatter a larger proportion 
of the total nutrients in the ration is required for main­
tenance and consequently less nutrients remain for the for­
mation of fat. Thus, as an animal takes on heavier weights 
the substitution rate between corn and forage would tend to 
change. Therefore, the expansion path or the least-cost 
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combination of feeds need not necessarily coincide with the 
ration lines. This would Indicate that it is more profitable 
to feed a different ration for each level of gain. 
The isoquants a, b, e, in Figure 12, indicate the 
various combinations of feed that will produce a given level 
of gain, and the slope of the isoquants indicate the marginal 
rate of substitution of corn for forage. The slope of the 
isoquants must decrease as the feed rations approach the 
limiting ration OR^ if diminishing rates of substitution are . 
to hold true. 
The purpose of this section has been to present some 
alternative hypotheses as to the nature of the beef cattle 
production surface. The alternatives that have been pre­
sented by no means preclude the possibility that other 
alternative hypotheses exist (38). Nevertheless, the nature 
of the production surface in Figure 10 appears to be a log­
ical hypothesis regarding the general nature of the beef 
cattle production surface. 
The nature of the production function, which can be 
represented as a surface, needs to be established in order 
that production relationships such as the factor-product 
transformation, the substitution rates between factors, the 
Isoproduct contours, etc., may be determined. 
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Least-Cost Rations 
Once the production function has been derived it is pos­
sible to determine the ration or combination of feeds that 
gives the lowest cost for a specified level of gain. The 
least-cost ration, for a given level of gain, will be spec­
ified when the following condition is satisfied, 
(11) pf 
where is the marginal rate of substitution of corn for 
forage and Pq is the price of corn and PP is the price of 
forage. 
Generally, the least-cost ration will fall between the 
physiological limiting ration and the all forage ration. That 
is, the least-cost ration will generally fall between these 
two limits as long as the gain isoquants are non-linear and 
the feed price ratio is less than the marginal rate of sub­
stitution between feeds for the all forage ration and is 
greater than the marginal rate of substitution between feeds 
for the physiological limiting ration. 
Since the substitution rate between feeds will change 
along any given ration line, the least-cost ration for a 
specified level of gain will not be the least-cost ration for 
any other level of gain. That is, the point of intersection 
of the expansion path, which is an isocline, and an isoquant 
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denotes the least-cost ration for that level of gain if only 
a single ration is to be fed for the entire feeding period. 
A beef gain isoquant is by definition the locus of all 
combinations of the two feeds that will produce a given level 
of gain. However, any one point on the gain isoquant not only 
indicates the combination of the two feeds that will produce 
the given level of gain but also specifies the ration that 
will produce this level of gain. The time required to pro­
duce the given level of gain will be different for each com­
bination of feeds along the isoquant. Consequently, the beef 
grades will also differ along any one isoquant. Thus, the 
point of intersection of the expansion path and a given gain 
isoquant not only specifies a certain level of gain and the 
ration that will produce this gain but also a certain grade 
of beef. By feeding the ration that passes through the inter­
section point of the expansion path and a specified level of 
gain results in the level of gain and the associated beef 
grade being produced at least cost. This ration will not, 
however, be the least-cost ration for any other specified 
level of gain. Therefore, if a single fixed ration is fed 
in order to produce some predetermined level of gain, then 
this ratfon will not be the least-cost ration if less or 
greater gains are to be produced. 
If a feeding experiment is conducted by feeding several 
different fixed rations but for any one lot of steers they 
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are all fed the same fixed ration for the entire feeding 
period, then it is not possible to determine what the effects 
will be on gains from changing the feeding ration during the 
feeding period. Any attempt to do so would result in an 
extrapolation of the data. For if several different fixed 
rations had been fed to each lot of steers instead of only 
a single ration, then it is possible that the gain isoquants 
would have a different shape or curvature than the gain iso­
quants where each lot of steers were fed only a single fixed 
ration throughout the feeding period. The difference in the 
shape of the isoquants would indicate that there is some 
physio logical differences in feeding a single fixed ration as 
compared to feeding several different fixed rations during . 
the feeding period. 
The basis for these statements may be illustrated in 
Figure 13, where OPE is the expansion path for a given feed 
price ratio. A single fixed ration OR^ may be fed to produce 
300 pounds of beef gain and the beef animal will be of grade A 
as indicated by the iso-grade curve A. This fixed ration, 
0R%, will be the least cost ration if only a single ration 
is to be fed during the feeding period. If 200 pounds of 
gain and grade B beef are to be produced, then ration OR^ 
is no longer the least-cost ration. The least-cost ration 
for 200 pounds gain is given by feeding ration ORj. 
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Time Functions 
The production surface, discussed in the previous sec­
tions, indicates how any given level of gain may be attained 
with various combinations of the two feeds — corn and forage. 
However, the time required for a beef animal to take on gains 
will vary depending upon the particular ration that was fed. 
Therefore, the amount of gain that will be produced in any 
given feeding period will depend upon the ration that has 
been fed. The ration that produces the fastest gains need 
not necessarily coincide with the least-cost ration in terms 
of gain. Hence, the most profitable feeding program may be 
a feeding program where a ration, other than the least-cost 
ration, is fed in order to place the cattle on the market at 
a time when the market price is such as to more than compen­
sate for the added cost of feeding a ration that results in 
faster gains than the least-cost ration. 
While a ration of all forage will produce gains, the 
gains from.such a ration will be less per pound of feed than 
the gains from rations containing successively greater pro­
portions of concentrates. The time required to consume a 
given quantity of feed of an all -forage or bulky ration is 
generally considered to be greater than the time required to 
consume the same quantity of feed of a ration that contains 
some concentrate and is less bulky. This difference in feed 
intake per unit of time is, at least, partially due to the 
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bulk handling capacity of the intestinal tract (48, p. 6), 
which throughout the remainder of the thesis will be referred 
to as stomach capacity.* Thus, for feeder cattle that are on 
full feed, the stomach capacity of the feeder cattle will 
determine the quantity of feed of each ration that will be 
consumed for any given period of time. 
The basis of these statements can be explained by the 
use of Figure 10. Given a feeding period of time t, then a 
beef animal could consume the quantity OF of the all forage 
ration to produce a gain FG. Or if the beef animal was fed 
along the 0RL ration line for the same length of time, t, to 
00, then CG' gains would be produced, where CG' > FG. 
With a beef animal fed for a given period of time> t, 
on an all forage ration, then OF represents the stomach 
capacity of that animal for the given time t. Now if forage 
is replaced by successive quantities of corn then this re­
placement ratio would take place along FG, in Figure 10. 
Therefore, the curve FC would depict the limit of the stomach 
capacity for the various rations for a feeding period of 
time t. 
The counterpart of the stomach capacity curve, FC, is 
the curve GG1 which denotes the maximum amount of gains pos-
*Strictly speaking, the feed intake of beef cattle is 
limited by the 1) bulk handling capacity of the intestinal 
tract and by the 2) daily, intake of total digestible nutri­
ents (48, p. 6). 
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sible from the various rations fed for a given time t, and 
may be called the "limiting gain curve". As corn replaces 
forage along FC, gains increase until they are a maximum at 
CG' • 
The FC curve in the feed plane is also an iso time curve 
in that it represents the various quantities of different 
rations that may be consumed in a given length of time. 
Thus, FC may be looked upon as an isotlme curve or the curve 
denoting the stomach capacity of the beef animal. There 
exists a family of isotlme curves in the feed plane. Each 
isotlme curve denotes a different length of feeding time and 
for each isotlme curve there corresponds a different "limit­
ing gain curve" on the production surface denoting maximum 
gains for each ration for the relevant feeding time. 
The production surface OGG1 in Figure 10 represents the 
gains that may.be attained from various combinations of for­
age and corn within the limits of l) the physiologically 
feasible corn-forage rations and 2) the maximum quantities 
of the various corn-forage rations that may be fed within 
time t. That is, the production surface, OGG*, is limited 
by the limiting ration OR^ and the stomach capacity curve FC 
for the given feeding time t. 
The two-dimensional representation of the production sur­
face is shown in Figure 12. The curve OR^ represents the 
limiting corn-forage ration. The FC curve is the stomach 
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capacity or isotlme curve which corresponds to the GG1 curve 
on the production surface which is the "limiting gain curve". 
F'C1 denotes a different stomach capacity curve for a differ­
ent length of feeding time. 
Grade Functions 
Even though different rations can be fed to beef cattle 
to produce gains, the length of the feeding period required 
to produce a given level of gain will, however, differ for 
each ration. That is, the rate at which feeder cattle gain 
weight will depend, ceteris paribus, on the ration fed. The 
rate of gain will generally Increase with the level of corn 
in the ration. Thus, the total amount of gain, attained for 
a specified feeding period will depend upon the ration fed. 
If cattle of the same grade are divided into separate lots 
so that they may be fed different rations of corn and forage, 
then generally they will not put on gains at the same rate 
and'hence, will not be of the same grade at the end of a 
given feeding period. 
The price for which the cattle may be sold at the end 
of a given feeding period depends, ceteris paribus, upon 
their grade. The price for the various grades will, however, 
vary during the feeding period due to seasonal price changes.* 
*Cyclical price changes as well as random price fluc­
tuations will influence the price for the various grades of 
beef cattle. 
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Therefore, the price at any one time for which the cattle 
may be sold will depend upon the grade of the cattle and the 
price for that particular grade at the time of sale. 
Since beef grades are measured in subjective terms, it 
is necessary to code these terms in order that a numerical 
analysis may be made. One.method of coding is to use the 
market prices of the various grades. The coding of the sub­
jective grade terms will allow for a grade function which-
expresses the beef grades as a function of the corn and for­
age fed. 
A grade surface may be constructed which Is similar, but 
not identical, to the production surface in Figure 10 and 
where the isoquant curves are modified and replaced by iso­
grade curves. The isograde curves represent all possible 
combinations of forage and corn that produce a given grade 
of beef• The isograde curves for a grade surface may be 
illustrated in a two-dimensional figure in the same manner 
as isoquants for a production surface are Illustrated. Such 
a two-dimensional isograde map is shown in Figure 14, where 
ORl is the physiological limiting ration that may be fed 
and g^, gg, ..., g5 are isograde curves that indicate the 
various combinations of corn and forage that may be fed to 
produce a given grade of beef. 
While various rations may be fed to produce a given 
level of gain, the gain isoquant does not represent one grade 
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of beef but rather several grades depending upon the ration 
fed- Therefore, the gain lsoquants In Figure 12 cannot serve 
as. Isograde contours and, hence, any one isoquant would repre­
sent various grades of beef. 
A beef animal fed the OR^ ration will attain a given 
grade, say g^, in less time than a beef animal fed the ORB 
ration and furthermore, the two animals will generally have 
taken on different amounts of gain in order to attain the 
same grade. An increase in the value of a beef animal fed . 
on the all forage ration is due primarily to the Increase in 
weight with little, if any, change in grade, while the change 
in value of the beef animal fed the OR^ ration is due primar­
ily to the change in grade which is associated with the rate 
of gain. 
Since different rations produce different grades (qual­
ity) of beef and since the rate of gain is different for dif­
ferent rations, then for a given length of feeding time there 
would exist some ration that would produce the maximum value 
of beef. If FC, in Figure 14, is an isotime curve, identical 
to FC in.Figure 12, then ration OR^ is the ration that pro­
duces the maximum value of beef for the given feeding time 
denoted by the FC curve. 
The isograde map, in Figure 14, also shows that an all 
forage ration or rations with a high proportion of forage 
will not produce top quality beef. For rations that are 
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made up primarily of forage do not furnish an adequate supply 
of total digestible nutrients for the fattening process. 
Experimental results have shown that concentrate to roughage 
ratios between 30:70 and 70:30 produce satisfactory liveweight 
gains in fattening cattle (48, p. 6). Even though ration OR l  
may produce the maximum value of beef for a given feeding 
period, this ration may not be the least-cost ration in terms 
of gain or the ration that will maximize profits. In order 
to determine the optimum ration, feed costs need to be con­
sidered. 
Optimum"Feeding Program 
Paradoxically, the least-cost ration in terms of gain 
may not necessarily be the ration that results in maximum 
profits. This paradox arises because different rations pro­
duce different grades (quality) of beef which sell for dif­
ferent prices. Furthermore, as cattle feeders well know, 
the time at which the cattle are marketed may affect profits 
as much or more than the cost of feed. 
In a beef fattening program, the time of marketing and 
the grade produced are influenced by the quantity and quality 
of the feed intake. For example, a high corn ration will 
produce cattle of a given grade in less time than a high for­
age ration. However, the cost will be greater for the high 
corn ration than for the high forage ration. Nevertheless, 
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the higher cost ration may be the most profitable ration to 
feed depending upon the trend of market prices for finished 
cattle. If the high corn ration is the most profitable 
ration, then in a cattle feeding program corn will substi­
tute not only for forage but will.also substitute for time. 
Therefore, the most profitable feeding operation may be to 
feed a ration that does not necessarily minimize feed costs 
in terms of gain but rather increases the grade of the cattle 
so that they may be finished for the market ahead of any 
decline in the seasonal price. 
The optimum feeding program, given the original cost of 
the feeder cattle, will depend upon l) the price of the feed 
inputs, 2) the time required to put on a given ""amount of 
gain (i.e., the rate of gain), 3) the grade of the cattle at 
the end of the feeding period and 4) the price of the various 
grades at the time of marketing. 
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EMPIRICAL RESULTS 
A beef feeding experiment extending over three years, 
1957, 1958 and 1959, serves as the basis for this study. 
This experiment was conducted cooperatively by the Department 
of Animal Husbandry, the Department of Agronomy and the 
Department of Economics and,Sociology in order to obtain data 
to estimate the feed relationships for fattening beef steers 
fed on soilage (fresh-chopped pasture forage) and corn. 
Experimental Design 
The beef feeding experiment, which was designed (31, 32, 
33, 34, 35) to determine the feed relationships of soilage 
and corn for fattening beef steers, was conducted at two 
experimental farms in Iowa, the Western Iowa Experimental 
Farm at Castana and the Soil Conservation Experimental Farm 
at Shenandoah. The only difference in the experimental design 
between the two experimental farms was in the rations. The 
rations at the Western Experimental Farm contained stilbestrol 
while the rations at the Soil Conservation Farm did not. The 
soilage (i.e.*, fresh-chopped pasture forage) and corn that 
was fed to the cattle at both experimental farms was mixed ' 
and fed in fixed proportions. Also, the cattle were full 
fed in that they were fed all of a given ration (i.e., a 
fixed proportion of soilage and corn) that they would clean 
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up with a minimum amount of wastage. 
Experimental cattle 
The cattle used in the experiment, for any one year, 
were Hereford steers purchased the preceding fall on the Omaha 
market as choice feeders. After the steers were purchased 
they were divided between the two experimental farms and 
wintered on a wintering ration to gain about one pound per 
day. The following spring, about a week before the beginning 
of the soilage feeding experiment, half the steers wintered 
at each farm were then transferred to the other farm. The 
steers were then allowed access to pasture for a conditioning 
period prior to the beginning of the soilage feeding experi­
ment . 
At the start of the soilage feeding experiment the steers 
were individually weighed on two successive days and then on 
the basis of the average of these two weights, the wintering 
location and the winter gains, they were placed in eight lots 
of seven steers each. Four of the steers in each lot had 
been wintered at the Castana Farm and three at the Shenandoah 
Farm. The experimental treatments were then randomly assign­
ed to the eight lots of steers. The steers were individually 
weighed at definite intervals throughout the course of the 
experiment. In 1957 the steers were individually weighed at 
28 day intervals while in 1958 and 1959 they were weighed at 
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21 day Intervals. The steers were also individually weighed 
on two successive days at the end of the soilage feeding ex­
periment, as at the beginning, and at any time the cattle 
were sold. In all cases the average of the two weights was 
used as the weight for that particular time. 
The length of time the cattle were fed differed between 
years and also between the experimental farms. At the Castana 
Farm the cattle were fed for 133 days in 1957, 144 days in 
1958 and for 132 days in 1959 for an average feeding period 
of 136 days. At the Shenandoah Farm the cattle were fed for 
138 days in 1957, 144 days in 1958 and for 132 days in 1959 
for an average feeding period of 138 days. 
The steers were appraised at definite intervals during 
the experiment and whenever the average grade of any one lot 
was appraised as low choice they were sold. Similar lots at 
both farms were sold at the same time. 
The steers, at the beginning of the soilage feeding ex­
periment, were good-to-choice feeder steers weighing approxi­
mately 850 pounds. For any one year 56 head of steers were 
required for the soilage feeding experiment at each farm or 
a total of 112 head for both farms. Thus, the results of 
this experiment, covering a period of three years, are based 
on the performance of a total of 336 steers. 
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Experimental treatments 
The soilage feeding experiment at each farm for each year 
was made up of eight lots of steers with seven steers per lot, 
which were randomly assigned the eight treatments. The treat­
ments in this experiment are the different rations of soilage 
and corn. For any one year at each farm there were six dif­
ferent treatments and two replicated treatments for a total 
of eight treatments. Two of the six different treatments 
were duplicated each year such that after three years all 
treatments were included in the experiment the same number 
of times. The treatments were identical at each experimental 
farm except stilbestrol was included in the treatments at 
Castana and not at Shenandoah. Table 1 shows the number and 
kind of experimental treatments and which treatments were 
replicated each year for the three year period. 
Feed supply 
Six feed combinations or rations were fed in this ex­
periment ranging from all soilage to 2 parts soilage and 
1 part corn. Due to the difficulty of determining the amount 
of forage consumed by an animal when on pasture, the pasture 
forage was fed as soilage. The pasture forage was an alfalfa-
bromegrass mixture and predominantly alfalfa with bromegrass 
making its main contribution during the first clipping. The 
soilage was chopped once daily and was fed fresh along with 
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Table 1. The experimental treatments or rations3, for the 
3 year period - 1957, 1958 and 1959 
Lot Year 
number 1957 1958 1959 
1 ' All soilage All soilage All soilage 
2 20:1 20:1 20:1 
3 ' 10:1 10:1 10:1 
4 5:1 5:1 5:1 
5 3:1 3:1 3:1 
6 2:1 2:1 2:1 
7 All soilage 
i—i o
 
CV
i 
10:1 
8 5:1 3:1 2:1 
aThe ration is the ratio of soilage to corn. 
the proper amount of concentrate and supplement. 
The concentrate fed in this experiment was ground 
shelled corn, about 14 percent moisture. The supplement fed 
to the cattle at the Castana farm included stilbestrol, 
whereas, the supplement fed at the Shenandoah farm did not 
include stilbestrol. The supplement fed at each location 
was fed to all lots at the rate of 1 pound per head per day 
throughout the experiment. At this feeding rate the cattle 
at the Castana farm were to be fed 10 milligrams of stil­
bestrol daily. For the all soilage ration, alfalfa meal was 
used as the main constituent in the supplement while ground 
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shelled corn was the main constituent in the supplement for 
all other rations. Table 2 shows the composition of the sup­
plement fed at the two farms. 
Estimation of the Production Function 
On the basis of economic logic and. animal nutrition 
theory several different algebraic equations were fit to the 
data obtained from the experiment in an attempt to predict 
Table 2- Composition of the supplement fed at Castana and • 
Shenandoah 
Cas tana . . Shenandoah 
Lots Lots 
All receiving . All receiving 
soilage corn and soilage corn and 
lots soilage lots soilage 
(lbs.) (lbs.) (lbs.) (lbs.) 
Alfalfa meal 80.0 — — 80.0 
Ground corn — — 80.0 — 80.0 
Dried molasses 10.0 10.0 
o
 
o
 
H
.
 
10.0 
Dicalcium phosphate 6.0 6.0 6.0 6.0 
Salt 2.5 2.5 3.5 3.5 
Trace mineral premix 0.5 0.5 0.5 0.5 
Stilbestrol premix 1.0 1.0 
Total 100.0 100.0 100.0 100.0 
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the beef cattle production surface. Each alternative alge­
braic function was fit separately to the data from each farm. 
These functions have been denoted the overall* functions 
either with or without stilbestrol. Having once obtained the 
two overall functions, a comparison of the feed-gain rela­
tionships can be made between different rations either with 
or without stilbestrol. Interest is mainly in the overall 
functions for they more closely represent the environment 
within which a farmer must make his decisions. Since a farmer 
is unable to predict the outcome for any individual year, he 
must make decisions in an environment of uncertainty. The 
overall functions thus represent an "expected" or an average 
outcome upon which decisions may be based. 
The overall functions express total gain from the begin­
ning of the experiment as a function of the total feed con­
sumed since the beginning of the experiment and the deviations 
of the average maximum temperature of each observation inter­
val from the mean maximum temperature for the overall feeding 
period. 
Experimental observations were taken at definite inter­
vals throughout the course of the experiment on the amount of 
gain and the consumption of the different feeds. For the all 
soilage rations, the alfalfa meal that was fed in the supple-
* "Overall" refers to the combined feeding periods of all 
•3-years at any one farm. 
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ment was converted to a soilage basis* and then combined with 
the soilage fed to give a total soilage (forage) input. For 
all other rations, the corn that was fed in the supplement was 
combined with the corn that was fed in the rations to give a 
total corn input. The alfalfa meal and the corn that was fed 
in the supplement has been combined with the soilage and corn 
that was fed in the ration in order to get better estimates 
of the substitution rates between the two feeds. Table 3 
shows the composition of the supplement after the corn and 
alfalfa meal has been removed. The supplement as shown in 
Table 3 would be fed at the rate of .2 of a pound per head 
per day. 
After the gain and feed observations had been put on a 
per_steer basis they were cumulated progressively to give a 
cumulative series of gains, soilage consumption and corn con­
sumption per steer from the beginning of the feeding experi­
ment. The daily maximum temperature**for each feed-gain 
*Alfalfa meal was converted to soilage by the following 
method: 
lbs. of soilage = . „ _ , 
(lbs. of alfalfa meal, 
The per cent dry matter of good alfalfa meal was obtained from 
Morrison's feeding tables (46, p. 1086) and the per cent dry 
matter of soilage was obtained by taking the mean per cent dry 
matter from samples of the soilage that was fed. 
**Climatological data for the Western Iowa and the Soil 
Conservation Experimental farms are available through U. S. 
Department of Commerce Climatological reports (57). 
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Table 3. Composition of the supplement for the stilbestrol 
and the non-stilbestrol rations 
Feeder steers 
receiving 
stilbestrol 
(lbs.) 
Feeder steers 
not receiving 
stilbestrol 
(lbs.) 
Dried molasses 50.0 50.0 
Dicalcium phosphate 30.0 30.0 
Salt 12.5 17.5 
Trace mineral premix 2.5 2.5 
Stilbestrol premix 5.0 — — 
Total 100.0 100.0 
observation interval was listed and then for each interval 
the temperature data were averaged to give an average maximum 
temperature, for each feed-gain observation interval. A 
temperature series was then obtained by taking the deviations 
of the average maximum temperature for each feed-gain observa­
tion interval from the mean maximum temperature for the over­
all feeding period. This series was then used along with the 
cumulative series of gain, soilage consumption and corn con­
sumption to estimate the production surface. 
Autocorrelation 
In estimating the coefficients in the production function 
when the observations are not independent gives rise to prob­
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lems of autocorrelation, While feed-gain observations between 
lots of steers are independent, successive observations on any 
one lot of steers are not independent. In order for feed-gain, 
observations on any one ration to be independent would require 
as many lots of steers that were fed the same ration as there 
were observations so that each lot would be observed one time 
only. 
If the coefficients of the production function were esti­
mated by least squares under the assumption that the error 
terms, u^ (where t is an index of time), have the following 
properties: 
(a) The errors, u%, are uncorrelated with each 
of the independent variables in the equation. 
(b) E(u+) = 0, and the u+'s are normally 
(12) L -
distributed. 
(c) E(u%) = °° 
(d) E(u%ug) =0 t / s 
then the coefficient estimates are the best linear unbiased 
estimates. However, if there is autocorrelation in the 
errors, ut, and they follow the autoregressive scheme : 
ut = (3ut-l + et 
where |3 is the autocorrelation coefficient and et is a random 
variable with the following properties : 
I 
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(a) The errors, e%, are uncorrelated with each of 
the independent variables in the equation. 
(b) E(e+.) = 0, and the e%'s are normally 
(13) 
distributed. 
(c) E(e|) = cT"2 Z. co 
(d) E(eteg) =0 t / s 
and if the production function is estimated under the assump­
tions given by the equations in 12 when the errors are really 
autocorrelated, then the estimates remain unbiased and con­
sistent but are no longer efficient (12, p. 51). 
While the presence of autocorrelation in the estimating 
equation does not bias the regression coefficients or make 
them inconsistent it does, however, affect their variances 
and covariances (58, p. 170). Wold (62, p• 44) states that 
if the residuals are not autocorrelated, then the coefficients 
estimated by least squares are unbiased and the usual statis­
tical test of the coefficients is valid. If, however, the 
residuals are autocorrelated, then the question of signifi­
cance is "... subject to a considerable margin, of indeter-
mi nancy11 • 
Cochrane and Orcutt (12, pp. 48-49) show that the method 
of least squares when applied in the usual manner to rela­
tionships that contain "... highly positively autocorrelated 
error terms results in an extremely Inefficient use of data. 
...." Furthermore, they point out that most of the efficiency 
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may be regained by a transformation that will make the error 
terms approximately normal. 
To make tests of significance and to construct confidence 
limits it is necessary that the error terms be random. If 
the error terms, that were highly autocorrelated, have been 
made random by a transformation then it is possible to make 
tests of significance and construct confidence limits in the 
usual manner (12, p. 51). 
Basic equations 
One of the equations used to estimate the production 
surface was a quadratic function* of the type: 
(14) = ajCç + agF% + 830% + a4^t + 85^Ft + ut 
where G- refers to pounds of beef gain, C refers to pounds of 
corn, F refers to pounds of soilage, the a^'s (i = 1, ... , 5) 
are constants to be estimated, u is a random variable and t 
is an index of time. The quadratic production function is 
estimated without a constant term under the assumption that 
when corn and forage intake is zero beef gains will also be 
zero. 
•«•Previous work with the data indicated that the quadratic 
function consistently gave a better statistical fit than did 
the linear, Cobb-Douglas, or the square root functions. The 
results of a modified Cobb-Douglas function and an exponen­
tial function are reported in Appendix A. 
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In order to remove the effects of autocorrelation, as 
discussed in the previous section, the assumption was made 
that the random variable u% was generated by the autoregres-
sive scheme 
(15) ut = + a6Ht + et 
where p is the autocorrelation coefficient, H is a tempera­
ture variable, ag is a constant to be estimated and e% is a 
random variable with the properties given by the equations 
in 13. 
The temperature variable is included in equation 15 
under the assumption that temperature would Increase or de­
crease beef gains depending upon the temperature for each 
observation interval. 
Equation 14 can be written for t-1 as 
(16) Gt_1 = a1Ct_1 + + a3Ct-l + a4Ft-l 
+ a5CFt-l + ut-l ' 
Now equation 16 can be solved for ut_^ and substituted into 
equation 15 to give 
(17) ut = /3(Œt-i - aict-l - a2Ft-l ~ a3Ct-l 
- 
a4Ft-l ~ a5CÇ-l ) + a6Ht + et -
If equation 17 is now substituted into equation 14, the 
following equation is obtained 
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(18) (Gt - j5Gt_i) = a1(Ct - /3Ct_1) + -ag(Ft - /3Ft-1) 
+ a3(°t ~ PCt-l^ + a4 F^t - PFt-l^ 
+ a5(CFt ~ PCFt-l^ + a6Ht + et * 
If the variables in equation 14 are now replaced by the 
transformed variables in equation 18, then the errors, e^, are 
not autocorrelated and the least squares method of estimation 
will apply (55, p. 324). In order to make such a transforma­
tion requires some knowledge of the autocorrelation coeffi­
cient p. An empirical estimate of the autocorrelation 
coefficient was made independent of the functional form used 
to estimate the production surface. This estimate was ob­
tained from the gain observations by taking the deviations 
from the observation period means of the replicated lots and 
then regressing the deviations for observation period t on 
the deviations for observation period t-1. This estimate of 
j3 is a maximum likelihood estimate.* This same procedure 
was carried out for all 3 years at both stations to obtain an 
average autocorrelation coefficient. The autocorrelation 
coefficient, jB , estimated by this procedure turned out...to 
.89541808 with a standard error of .07090565. This coeffi­
cient is highly significant at the .1 per cent probability 
*The author is indebted to Dr. Wayne A. Fuller for the 
proof that this estimate of p is a maximum likelihood esti­
mate. The proof is given in Appendix B. 
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level.* 
Using this estimate of the autocorrelation coefficient . 
the variables in equation 14 were then transformed as indi­
cated in equation 18. The transformed variables were then 
used to obtain least square estimates of the coefficients in 
the production function. 
The production functions estimated using the quadratic 
function are:** 
I. The overall stilbestrol function 
(19) G = .116371500 + -02316051F - .000004995502 
- .0000007455F2 + .0000000374CF - 1.2236046H 
II. The overall non-stilbestrol function 
(20) G = .149718120 + .02128774F - .000012261202 
- .0000005775F2 - .0000037907CF - 2.2005042H. 
The coefficient of determination, standard errors and 
the "t" values for the overall stilbestrol and non-stilbestrol 
production functions are presented in Tables 4 and 5, respec­
tively . The coefficient of determination is quite high for 
both the stilbestrol and the non-stilbestrol functions 
*The "t11 value for the estimated coefficient is 12.6283 
with 143 degrees of freedom. 
**In addition to the two overall production functions an 
"aggregate" production function has also been computed. This 
aggregate function is obtained by fitting the quadratic func­
tion collectively to both the stilbestrol and non-stilbestrol 
data. The aggregate production function along with the iso-
quant schedules and the marginal rates of substitution is 
presented in Appendix C. 
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Taole 4. Coefficient of determination, standard errors and 
"t" values for the overall stilbestrol production 
function (equation 19) 
Independent 
variable 
Standard 
error of 
regression 
coefficient 
" t " 
value 
Level of 
significance 
.9764 . c .01626541 7.155 p < .001 
F .00^31212 10.017 p .001 
C^ .00000584 .855 .20 < pC .40 
F2 .00000018 4.202 p < .001 
CF .OOOOOkOk .019 p >.50 
' H .30797286 3.973 p </ . 005 
Teble b. Coefficient 
"t" values 
production 
of determination, standard errors and 
for the overall non-stilbestrol 
function (equation 20) 
R* 
Independent 
variable 
Standard 
error or 
regression 
coefficient 
11111 
value 
Level of 
significance 
.9718 C .01594771 9.388 p < -.-001 
F .00216274 9.843 p < .001 
C2 .00000571 2.Ï48 . 01 < p < .05 
F^ .00000014 4.197 p <.001 
CF .00000166 2.288 .01 < p < .05 
• H .30616731 7.187 p <.001 
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indicating that the quadratic function explains a major por­
tion of the variance in beef gains. All of the variables in 
the non-stilbestrol function are significant at least at the 
5 per cent probability level whereas, certain variables in 
the stilbestrol function sre acceptable only at a very low 
level of probability. Nevertheless, these variables have 
been retained in the production function since they appear 
to be consistent with nutrition and production logic. 
The coefficient on the temperature variable (H) for both 
the stilbestrol and non-stilbestrol function is significant 
at least at the .5 per cent level of probability. The nega­
tive sign on the temperature coefficient indicates that as 
temperature rises gains will be less. This result is consis­
tent with nutrition theory. 
Gain Isoquants and Substitution Rates 
Once the production function has been determined equa­
tions for isoquants, isoclines and factor-product transforma­
tion relationships may be derived. The beef gain i soquant 
equations for stilbestrol and non-stilbestrol rations can be 
derived from the two overall production function equations 
19 and 20, respectively. The beef gain lsoquant equations 
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I. With stilbestrol 
(21) F = 15,653.54124 + .02508380 + (-670,690.811) 
[(.0^316051 + .00000003740)^ 
+ .00000298 (.116371500 - .000004995502 
- 1. 2236046H - G)J1//2 
II. Without stilbestrol 
(22) F = 18,430.94372 - 3.281991340 + (-868,800.865) 
[(.02128774 - .00000379070)^ . 
+ .00000^31 (.14971812C - .0000122612C2 
_-_%.%00504%H - G)J 1/Z^-
The isequent equations express soilage (F) as a function 
of corn (C), the level of gain (G) and temperature (H).* 
If beef gains are held constant at a given level, then the 
isoquant equations will specify all possible combinations of 
soilage and corn that will produce this given level of gain. 
Equations l'or determining the marginal rates of substi­
tution uetween soilage and corn for the stilbestrol and non-
stilbestrol rations can be derived from the isoquant equations 
cl and %2, respectively. The equations for predicting the 
marginal rates of substitution of corn for soilage pre : 
*While the temperature variable is included in the iso­
quant equations, as it will be in all other equations, the 
temperature will be fixed at the overall mean for most of 
the analysis which follows, unless otherwise stated. The 
overall mean temperature for the stilbestrol feeding period 
was 79.36-degrees Fahrenheit while the overall mean tempera­
ture for the non-stilbestrol feeding period was 83.69 degrees 
Fahrenheit. 
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I. With stilbestrol 
,o,x _dF _ .11637150 + .0000000574F - .0000099910 
K  ' 9C .02316051 + .00000003740 - .000001491F 
II. Without stilbestrol 
(24) 22 = -14971812 - .0000037907F - .00002452240 
' 9 C .02128774 - .0000037907G - .000001155F 
While the above equations define the marginal rate of 
substitution of corn for soilage, the marginal rate of sub­
stitution of soilage for.corn can be derived as the reciprocal 
of the above equations. 
Beef gain isoquant schedules and the marginal rates of 
substitution associated with them have been derived for 100, 
200, 300, 350 and 400 pounds of beef gain. Beef gain isoquant 
schedules along with the associated marginal rates of substi­
tution are presented in Tables 6 and 7 for the stilbestrol 
and non-stilbestrol functions, respectively. Similarly, gain 
isoquants corresponding to the data in Tables 6 and 7 are 
presented in Figures. 15 and 16. 
The experiment upon which this study is based did not 
include rations of soilage to corn beyond the 2:1 ration. 
Therefore, the extension of the isoquant schedules beyond the 
2:1 ration results in an extrapolation of the data. 
The rate at which corn will substitute for soilage in -
any one beef fattening ration for a given level of gain is 
indicated by the slope at a particular point on the Isoquant. 
The rate of substitution indicates, for any one level of gain, 
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Table 6. Isoquant schedules, derived from, the overall ^stilbestrol quad: 
combinations£ and marginal rates of substitution of com for : 
850 pound good-to-choice feeder steers 1temperature held cons' 
100 lbs, gain 2U0 lbs, gain 300 
Lbs. Lbs. a?°- Lbs. 3 ? Lbs. 
corn soilage Ration^ 3 G soilage Ration a c scilage 
0 5,182 d T.55 
100 h}hBà kk-5>ô 6.99 
200 3,780 18.90 6.53 13,506® 67.53 37.53 
300 3,lit? IO.49 6.11; 11,127 37.09 17.29 
Loo 2,550 6.3s 5.51 4,652 21.13 12.83 
500 1,984 3.97 5.51 6,190 16.y6 10.62 
600 1,447 2.1a 5.25 7,503 12f50 ; .22 
700 933 1.33® 5.01 6,632 y .ii? c.2l 
800 5,8^6 7.31 7.50 
900 5,126 5.70 6.92 
1,000 1:A5: 4.46 o.iù; 
1,100 3,636 3.4;' 6.04 13,732^ 
11,332® 1,200 " 3,250 2.71 5.69 
1,300 2/696 2.07, 
1.55^ 
5.3. 9,95^2 
1,1:00 2,170 5.13 5,832® 
1,200 7,682 
1,600 7,0,;5 
1,700 6,2/1 
1,000. 5,601 
1,900 4,962 
2,000 4,366 
2,100 e, ;06 
2,200 
2,300 
2,1:00 
2,500 
2,600 
2,700 
2,800 -
2,900 
a?or each of the feed combinations there vjculd also be fed a .certai 
be fed at the rate of .2 of a pound p.,r day. The estimated number of fe 
in Table 36.• 
°The marginal rate of substitution of corn for scilage. 
cRation is the ratio of soilage to corn. 
°The all soilage ration. 
eThe estimated feeding period exceeds the 136 day average feeding 
-All feed combinations at this point exceed the 2:1 ration and, hen 
quadratic function, shoeing possible feed 
for soilage at five gair levels, for 
constant at.the overall near/ 
300 lbs. gain 350 lbs. gain 2*00 lbs. gain 
d F Lbs. dZ Lbs. _d? 
age Ration 9 0 . scilage Ration a G soilage Ration 9G 
)2^ 12.4: 38.01 
:2® y.40 16.61 
7.65 12.40 
o.31 10.23 
>2 5.25 :.87 
6 ^;.40 7.yl 
-I 3.70 7.1y 
il 3.U • 6 • o-3 
>2 2.61 6.16 
>6 2.18^ . 5.77 
>6 l.vl- 5-kk 
13,1^2" 6.24 2 c .40 
11,201e 6.5V 15.30 
9,d7%s 5.4Y 11.62 
8,822^ 4.6k y. 69 
7,yi8® 3.^6 8.46 
7,118 3.3? 7.58 
6,326 2.vl 6.yo 
5,733 2.kP 6.37 
5,117 2.13. 5.v3 
4,5-5 1.82^ 5.56 
13,131^ 6.40 2y.83 
11,412 e 5.1;' 15.22 
10,103^ k-39 11.k6 
y,063* 3.78 y.52 
. 8,176" 3.27 8.2? 
7,3%3~ 2.8k 7.2a 
6,687" 2.k8 6.7k 
6,oloG 2.16^ 6.21 
5,4kl 1.88-" 5.78 
rtain a.-iount of the supplement shorn in Table 3« This supplement would 
f feeding days for each of the feed combinations in this table are shorn 
ng period in the experiment. See Table 36. 
hence, are outside the limits of this experiment. 
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"able 7. isoquant schedules, derived'from the overall non-stilbestrcl qi 
feed combinations3 and marginal rates of substitution of corn j 
for r-50 pound rocd-to-choice feeder steers .^temperature held c< 
103 lbs. gain 200 lbs. pa in 300 : 
Lbs. Lbs. Lbs. a? Lbs. 
corn soilage Ration0 do scilige Ration d C scliche I 
0 5,526 __d d. 61; 17,773^ — 142.53 
100 L677 16.77 8.35 i5Aiae l5h.èl 26.86 
200 3,55k ly.27 ..10 13,236 66.13 lb.06 
300 3,056 10. ly 7.37 11,623 33.7% 14.62 
loo 2,230 5.70 7.06 10,262 25.06 12.76 
500 1,524 3.05. 7.47 >,051 13.10 11.54 
600 Yco 1.31 7.2>' 7,943 13.24 10.66 
700 6,912 y .07 y.yy 
800 5,941 7 »u'3 .44 
yOO 5,020 5.5:-' 
1,000 4,140 4. li~ 0.6I 
1,100 3,2^6 3.00 U.25 . 
1,200 2,4^2 2.07^ 7 «99 
1,300 i,6yo 1.30" 7.7b 
1,100 
1,500 11,488 
1,600 9,35u 
1,700 7,'17 
1,000 6,569 
1,900 5,k7k 
2,000 L,L56 
2,100 3,510 
2,200 
2,300 
2,400 
2,500 
2,600 
£?or each of the feed combinations there would also be fed a certain 
3- This supplement would be fed at the rate of .2 of a pound par day. T 
each of the feed combinations in this table are shown in Table 37. 
°2he marginal ratcof substitution of corn for soilage. 
cRation is the ratio of soilage to corn. 
T^he all soilage ration. 
G The estiraated feeding period exceeds the 13 8 day average feeding ps 
A^ll feed combinations at this point exceed the. 2:1 ration and, hfenc 
experiment. 
on-stilbestrcl quadratic function, showing possible 
ituticn of corn, for s.ila^ e at five rain levels, 
noer attire held constant at the overall mean) 
300 lbs. ,-ain 350 lbs., gain 
1? Lbs. a? Lbs. d ? 
scliche Ration dG soilage Ration 3 c 
ll,Ld8 7.66 29.75 
>',35u 16.97 
7,'il7 k.62 13.5k 
6,#9 . 3.66 11.76 
2,17k 2.jd 10.61 
4,156 2.23^ >.75 
3,510 1.67"- 9.1 z 
8,266^ 3.LL 22.$3 
6,k^2 2.60. 14.80 
5,161 1.98- 12.lL 
be fed a certain amount' of the supplement shown, in Table 
rand par day. The estimated number of feeding days for 
Pablo'37. 
:ra;:;e feeding period in the experiment. See Table 37 • 
ration and, hence, are. outside the limits of the 
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Figure 15. Gain isoquants and selected ration lines for the 
overall stllbestrol function (temperature held 
constant at the overall mean) 
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Figure 16. Gain isoquants and selected ration lines for the 
overall non-stilbestrol function (temperature 
held constant at the overall mean) 
74 
the amount of soilage that may be replaced by a one pound in­
crease in corn. Since the isoquants in Figures 15 and 16 are 
curved and convex to the origin indicates that the marginal 
rates of substitution of corn for soilage for all levels of 
gain are at a diminishing rate. That is, the substitution 
rates, for any one level of gain, are quite large for rations 
with a small proportion of corn and then diminish as the pro­
portion of corn in the ration increases. For example, in 
Table 6, 11,127 pounds of soilage and 300 pounds of corn can 
be fed in a ration to produce 200 pounds of gain and the rate 
of substitution of corn for soilage is 17.29. That is, one 
additional pound of corn will replace 17.29 pounds of soilage. 
Alternatively, 3,250 pounds of soilage and 1,200 pounds of 
corn can be fed to produce 200 pounds of gain and the rate of 
substitution of corn for soilage is now only 5.69. 
While Tables 6 and 7 show that the marginal rate of sub­
stitution of corn for soilage is at a diminishing rate for 
all levels of gain, they do- not show, at least'not very 
clearly, what the marginal rate of substitution of corn for 
soilage is along any one ration line at different levels of 
gain. The rate at which corn and soilage substitute for each 
other along any one ration line is of interest in cattle 
feeding for it indicates the relative productivity of the 
various feeds in the ration as the feeder cattle take on 
heavier weights. 
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The prediction equations for estimating the quantities 
of corn and soilage that are required to produce various 
levels of gain for different soilage-corn rations, may be 
derived from the overall production functions and the ration 
equation: 
(25) § = ^ • 
The ration equation defines c< as the ratio of soilage to 
corn (i.e., the soilage to corn ratio denotes a given ration 
c* and conversely for a given ration the quantity of corn 
in the ration is fixed at a constant proportion of the soilage 
for all levels of feeding). If equation 25 is rewritten as 
( 2 6 )  F  =  c < C  ,  
then by substituting c<C into the production function for F 
it is possible to derive for various soilage-corn rations the 
quantities of corn that are required to produce various levels 
of gain. Once the corn requirements have been determined, for 
any given ration, the soilage requirements are readily deter­
mined from equation 26. However, for the all soilage ration, 
the isoquant equation can be used directly to determine the 
quantities of soilage required for various levels of gain. 
The derived equations for predicting the quantities of 
corn that are required to produce various levels of gain for 
various stllbestrol and non-stilbestrol soilage-corn rations 
are : 
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I. With stllbestrol 
(27) G = -(.11637150 + .02316051c<)(-.000001491c*2 
+ .000000074804 - .000009991)"1 
+ (-. 000001491 2 + . 0000000748 c< 
- . 000009991 r1 [( .11637150 + . 02316051 c< )! 
- (-.000002982c*2 + .0000001496^ 
- .000019982) (-1.2236046H - G)J 1//2 
II. Without stllbestrol 
C = -( .14971812 + .02128774c* )(-.000001155 <*2 
- .0000075814CX - .0000245224)_1 
+ (-.000001155o<.2 - .0000075814cX 
- -0000245224) 1 (.14971812 + .02128774 c< )2 
- (-.00000231# 2 - .0000151628c< 
- .0000490448) (-2. 2005042H - G)J 1^2. 
The marginal rates of substitution are estimated for the stll­
bestrol rations by using equation 23 and for the non-stil­
bestrol rations equation 24 is used. 
The predicted quantities of corn and soilage, for 
selected rations, at various levels of gain (i.e., 100, 200, 
300, 3 50 and 400 pounds) and the associated marginal rates of 
substitution of corn for soilage are presented in Table 8 for 
the stllbestrol rations and in Table 9 for the non-stilbestrol 
rations. The ration lines corresponding to the data in Tables 
8 and 9 have been plotted, respectively, in Figures 15 and 16. 
The data in Tables 8 and 9 indicates that as a feeder 
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Table 8. Corn and soilage quantities0 and the marginal rate of substitution 
for selected stllbestrol rations (temperature is held constant at 
Ration 
(ratio of 
soilage 
to corn) 
100 lbs. gain 200 lbs. gc an : 300: 
Lbs.0 
soilage 
Lbs.c 
com 
a?3 
a o 
Lbs. 
soilage 
Lbs. 
corn 
a? 
d-
Lbs. 
soilage 
All soilage 
20:1 • 
15:1 
10:1 
0:1 
5:1 
3:1 
2:1 
5,l«2 
' 3,831 
3,5k5 
3,091 
2,625 
2,256 
1,672 
1, 2oti 
0 
"192 
236 
309 
353 
Ù51 
557 
. 63k 
7.55 
0.57 
6.35 
6.11 
5.96 
5.65 
5.36 
5« IT 
9,023 
3,0 37 
. 5,799. 
6,117 
1,100 
: 3,1:60 
2,62 c 
4'5l 
539 
630 
765 
953 
1,160 
1,313 
11.55 
10.01 
8.1:2 
7.74 
6.65. 
5.82 
5.36: 
11,777" : 
10,225c : 
7,639 : 
5,163. : 
k,095 : 
aFor: each of the feed combinations- there • mule -also be fed a certain arac 
be fed at the.rate.of .2 of a pound per day. The.estimated number of feeding 
in Table 21;. 
°The all soilage value was derived from equation-21, all other values i-:c 
cDerived from equation 27. 
T^'ne marginal rate of substitution of corn for soliste. 
eThe estimated feeding period exceeds the 13- day average feeding period 
nation along the 100, 200, 300, 350; and ijOO pound beef gain isoquants 
it at the overall nean) 
300 lbs, gain 350 lbs. gain ItOO lbs. eain 
.age 
Lbs. 
corn 
Lbs. 
soilage 
Lbs. 
corn H Lbs. soilage Lbs. corn #i 
IT 1,178 lu. 61 
26^ 1,2/6 13.07 12,c#ie 1,611 25. li; 
11,105^ '39 1,522 8.57 i,275 1,055 10.hh ; 2,221 14.15 
63. 1,521 6.52 6,539 2,150 7.03 7,665^ 2,562 7.72 
>'5 2,0W 5.61 ^ 1,851 2,1:11 5.77 5,70^ 2,851 5.%7 
in amount of the supplement'' shown in /Table: 3. Ynis supplement would 
e.eding ' days, for each-of the feed combinations in this table are shown * 
ues were derived usm<,- equation 26. 
poriod in the•experiment. 
?7b 
Table 9 . Corn and soilage quantities'" and marginal rates of substitution 
gain isoquants for selected non-stilbestrcl rations (temperaiur 
Ration 
3 (ratio of 
soilage 
100 lbs. gain 200 31s. g am 
Lbs.b Lbs.c Lbs. Lbs. 3-7 Lbs. 
to corn) soilage corn gc soilage corn ' 9G soilag 
All soilage 5,526 0 b .61; 
2U:1 3,696 195 8.11 9,401 470 11.86 
15:1 3,556 : 237 8.01 3,303 559 10. y 9 
10:1 3,031 303 7.36 6,956 6^6 •10.01 12,445 
8:1, 2,732 3i;l 7.78 6,190 774 9.57 11,898 
5:1 2,111 422 7.62 'It, 687 937 1/ . où . 9,321 
3:1 1,507 502 7.1:6 3,2:9 1,100 ti.2c 5,650 
2:1 1,111 .,,556 i - jo : 2,417 , 1, 20# 7.97 4,075 
' 
aFor ea.cn of the feed combinations: there ..would also bo fed £ certain 
Table,3« This.supplement would be fed-at the rate of .2 of a pound pur o 
days for each of the feed combinations in this table are shewn in Table 2. 
T^he all soilage value was derived from equation 22, all other value; 
"Derived from' equation 2o. 
°Thc marginal rate of substitution of corn for soilage. 
eTfce estimated feeding period exceeds the 13v day average feeding pe: 
; of substitution along the 100, 200. 300 and 350 pound beef 
lions (temperature is held constant at the overall mean) 
300 lbs, gain • 350 lbs, gain 
i? d 7 Lbs. Lbs. 3 ?. Lbs. Lbs. ' 
'90 soilage corn 8 0 soilage corn. d G 
11.86 
10. y Y 
10.01 12,lk5" 1,2:74 50.06 
y.57 11,898° i,),a7 35-72 
5.c'4 9,321 1,666 11=.1:3 9,616^ 2,351 15.25 
b.26 . 5,650 1,363 10.77 ' 7,3kl 2,&7- 17.52 
7.97 k,0?S 2,039 . . y.52 ' 5,195' '2,597- ' 12.19 
bo fed a certain amount' of the supplement sh'ovm..in 
ci a pound pur day. The estimated number of feeding 
sliLivn in Table 25. 
all other values were derived from equation 26. 
erage feeding period in the experiment. 
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steer takes on more weight, fed any given ration, the rate of 
substitution of corn for soilage increases. For example, in 
Table 8, with the 15:1 ration a feeder steer fed 3,545 pounds 
of soilage and 236 pounds of corn is predicted to gain 100 
pounds and the marginal rate of substitution of corn for 
soilage will be 6.38. That is, one additional pound of corn 
replaces only 6.38 pounds of soilage. If the steer is fed 
the ssj&e ration until he consumes 8,087 pounds of soilage and 
539 pounds of corn, then it is estimated the steer will have 
gained 200 pounds and the predicted marginal rate of substitu­
tion of corn for soilage will be 10.01. 
The increase in the rate of substitution of corn for 
soilage, along any one ration line, indicates that corn be­
comes more important in the fattening ration relative to 
soilage as the feeder steer increases in weight. These re­
sults are consistent with the logic presented in a previous 
section. In the fattening process the formation of fat is 
dependent upon the amount of total digestible nutrients in 
the feed. Therefore, as feeder animals increase in weight, 
high energy feeds, such as corn, become more valuable rela­
tive to forages in the fattening process• 
Ration Lines 
The production surface may be further examined by in­
vestigating the input-output relationships when the two 
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feeds — corn and soilage — are fed in fixed proportions. 
Since, for any given ration line, the two feeds — corn and 
soilage — are held in fixed proportions, it is possible to 
derive feed-gain transformation equations from the production 
functions. The feed-gain transformation equations are de­
rived by defining a new variable, # , as the total pounds of 
feed of a given ration. Then, for each fixed ration, each 
feed input variable is redefined in terms of 2f and substi­
tuted into the production function equation to give the feed-
gain transformation equation or a total gain equation for 
that particular fixed ration. Thus, the total gain equation 
for each ration predicts the total amount of gain from various 
quantities of feed of a fixed ration. The marginal or addi­
tional gain equations may be derived from the total gain equa­
tions by taking the first derivative of gain (G-) with respect 
to total feed ( ) .* The marginal gain equation is used to 
estimate the additional gain from the last pound of feed fed 
of a given ration. 
Total and marginal gain equations, for eight selected 
rations, are derived.from the overall stllbestrol production 
function 20 and are shown in Table 10. Similar equations 
derived from the overall non-stilbestrol production function 
*The method used for deriving the total and marginal 
gain equations in Tables 10 and 11 is the same method used 
by Heady et al. (23, pp. 472-474). 
Table 10. Total and marginal gain equations, derived from the overall stllbestrol 
quadratic function, for selected rations for 850 pound good-to-choice 
feeder steers 
; Prediction equations for: 
Ration Total gain Marginal gain 
Ration A 
All soilage 
OA = .023160514 VAb 
- 1.223605 H 
- .000000745 #A a&A 
9YA = .023160514 - .000001508 lfA 
Ration 
20:1 
B gB = .02759913 TB -
- 1.223605 H 
.000000686 3 °B _ 
3 2TB 
.02759913 - . 000001372^2 
Ration 
15:1 
C GC .02898620 Zf g -
- 1.223605 H 
.000000672y§ 9&c 
dîfc 
.02898620 - . 000001344Yc 
Ration 
10:1 
D % .0316342399TD 
- 1.223605 H 
- .000000654T§ aoD 
a^D 
.0316342399 - .000001308YD 
Ration 
8:1 
E gE = .0335172901^ 
- 1.223605 H 
- .000000647 d ^E 
a^E 
.0335172901 - .000001294yE 
Ration 
5:1 
F Gp = .0386956787 ZfF 
- 1.223605 H 
- .000000651 9gF _ 
a^F 
.0386956787 - .000001302 Yf 
Ration 
3:1 
G gg .0464632605 Tf £ 
- 1.223605 H 
- .000000724 y§ aoo 
STÉG 
.0464632605 - .000001448 Yg 
Ration 
2:1 
H % = .0542308423 .TfH 
- 1.223605 H 
- .000000878^1 9% _ 
9"&H 
.0542308423 - . 000001756yH 
aRation is the ratio of soilage to corn. 
denotes total pounds of feed of the particular ration. 
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21 are shown in Table 11. 
The predicted total gain values for various levels of 
feed input, for the eight selected rations, are shown in Table 
12 and plotted in Figure 17 for beef steers fed stllbestrol. 
The estimated marginal gain values corresponding to the total 
gain values are presented in Table 13. Similarly, the pre­
dicted total gain values for non-stilbestrol fed steers are 
shown in Table 14 and plotted in Figure 18 and the associated 
marginal gains are shown in Table 15. The predicted total 
gain values in both Tables 12 and 13 show that from the same 
total pounds of feed total gain is monotonically increasing 
as the proportion of corn in the ration increases. In Table 
12, 7,000 pounds of feed of an all soilage ration is predicted 
to produce 125.6 pounds of gain, whereas, if the ration is 
the 20:1 ration then the 7,000 pounds of feed will produce 
159.6 pounds of beef gains. The other columns in Table 12 
are interpreted in the same manner. 
The marginal gain indicates the amount of gain added to 
total gain from the last pound of feed fed. For any given 
ration, the marginal gains, as shown in Tables 13 and 15, 
are monotonically decreasing, indicating diminishing returns 
to feed. For the 10:1 ration, in Table 13, the 2,000th pound 
of feed adds .0290 pounds of gain to total gain while the 
10,000th pound of feed adds only .0185 pounds of gain. For 
any one level of feed fed the marginal productivity of feed 
Table 11. Total and marginal gain equations, derived from the overall non-
stilbestrol quadratic function, for selected rations for 850 pound 
good-to-choice feeder steers 
Prediction equations for: 
Ration8 Total gain Marginal gain 
Ration A 
All soilage 
Ga .021287744TAb -
- 2-2005042 H 
.000000578rf 3GA 
9 2TA 
= .021287744 - .000001156 
Ration 
20:1 
B °B = . 0274034765 b -
-, 2.2005042 H 
.000000724 2T§ d Gg = .0274034765 - .000001448V B 
Ration 
15:1 
C <>C = .0293146425 y c ~ 
- 2.2005042 H 
.000000777Yq <9 GQ 
= .0293146425 - .000001556 Tg 
Ration 
10:1 
D GD .0329632326 y D -
- 2.2005042 H 
.000000892 a gd 
9!TD = .0329632326 - . 000001784 VD 
Ration 
8:1 
E °E = .0355577856 Y E -
- 2.2005042 H 
.000000982 8Gg 
sYE 
= .0355577856 - .000001964 Ke 
Ration 
5:1 
F Grjp .0426928071 yF -
- 2-2005042 H 
.000001268 "y § aGp 
= .0426928071 - .000002536 îf F 
Ration 
3:1 
G GQ .0533953380 yQ -
- 2.2005042 H 
.000001802 Yq = .0533953380 
- .000003604 Yo 
Ration 
2:1 
H 1 % .0640978689 h -
- 2.2005042 H 
.000002461 If § a % 
9*H 
= .0640978689 - .000004922 2fH 
aRation is the ratio of soilage to corn. 
b2T denotes total pounds of feed of the particular ration. 
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11,500 167.8 226.7 244.4 277.3 299.9 358.9 
12,000 170.6 232.4 251.0 285.4 309.0 370.6 
12,500 173.0 237.8 257.2 293.2 317.9 
13,000 175.1 242.9 263.2 300.7 
13,500 
14,000 
176.8 
178.1 
<c,4 7.6 268.7 
14, 500 179.1 
15,000 179.7 
aIn addition to the feed fed of selected rations there would also be fed a 
certain amount of the supplement shown in Table 3. This supplement would be fed 
at the rate of .2 of a pound per day. The estimated number of feeding days for 
each of the feed quantities is shown in Table 30. 
^Temperature is held constant at the overall mean. 
CA11 values are derived from the equations in Table 10. 
&The ration is the ratio of soilage to corn. 
eThe horizontal line indicates a 30 day feeding period (see Table 29). 
fThe horizontal line indicates a 60 day feeding period (see Table 29). 
6The horizontal line indicates a 90 day feeding period (see Table 29). 
hThe horizontal line indicates a 120 day feeding period ( see Table 29). 
^The horizontal line indicates a 140 day feeding period (see Table 29). 
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Figure 17. Feed-gain transformation curves for selected 
rations derived from the overall stllbestrol 
production function (temperature held constant 
at the overall mean) 
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8, 500 
9,000 
9,500 
10,000 
10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
• 010b 
.0097 
.0090 
.0083 
.0075 
.0068 
.0060 
. 0053 
.0045 
.0038 
.0030 
.0023 
.0015 
.0008 
.oi by 
.0153 
.0176 I 
.0146 
.0139 
.0132 
.0125 
.0118. 
.0111 
.0105 
.0098 
.0091 
.0169 
.0162 
.0155 
.0149 
.0142 
.0135 
.0128 
.0122 
.0115 
.0108 
.0205 
.0199 
.0192 
.0185 
.0179 
.0172 
,0166 
,0159 
.0153 
.0225 
.0219 
.0212 
.0206 
.0199 
.0193 
.0186 
.0276 
.0270 
.0180 
.0173 
.0263 
.0257 
.0250 
.0244 
.0237 
.0230 
,0146 
.0341 
.0334 
.0327 
.0320 
0312 
.0305 
.0393 f 
. 0384 
.0375 
.0367 
.0358 
aAll values ere derived from the equations In Table 10. 
bThe ration is the ratio of soilage to corn. 
°The horizontal line indicates 100 pounds of gain (see Table 11). 
d-The horizontal line indies tes 200 pounds of gain (see Table 11). 
eThe horizontal line indicates 300 pounds of gain (see Table 11). 
fThe horizontal line indicates 400 pounds of gain (see Table 11). 
Table 14. Estimated total gain from various total feed quentitiee8- (# ) of 
selected soilage-corn rations fed to 850 pound good-to-choice feeder 
steers (without stilbestrol)^ 
Pounds Total gain0 in pounds for selected rations:' 
of feed . All 
fed soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
500 10.5 13.5 14.5 16.3 17.5 21.0 26.2 31.4 
1,000 20.7 26.7 28.5 32.1 34.6 41.4 51.6 61.6 
1,500 30.6 39.5 42.2 47.4 51.1 61.2 76.0 90.6 e 
2,000 40.3 51.9 55.5 62.4 67.2 80.3 99.6 118.4 
2,500 49.6 64.0 68.4 76.8 82.8 98.8 122.2 144.9 
3,000 58.7 75. 7 80.9 90.9 97.8 116.7 144.0 170.1 
3,500 67.4 87.0 93.1 104.4 112.4 133.9 164.8 194.2 f 
4,000 75.9 98.0 104.8 117.6 126.5 150.5 184.8 217.0 
4, 500 84.1 108.7 116.2 130.3 140.1 166.4 203.8 238.6 
5,000 92.0 118.9 127.1 142.5 153.2 181.8 221.9 259.0 g 
5,500 99.6 128.8 137.7 154.3 165.9 196.4 239.1 278.1 
6,000 106.9 138.4 147.9 165.7 178.0 210.5 255.5 296.0 
6, 500 114.0 147.6 157.7 176.6 189 .6 223.9 270.9 312.6 
7,000 120.7 156.4 167.1 187.0 200.8 236.7 285.5 328.1 h 
7,500 127.2 164 .8 176.1 197.1 211.4 248.9 299.1 342.3 
8,000 133.3 172.9 184.7 206. G 221.6 260.4 311.8 355.3 
8, 500 139.2 180. 7 193.0 215.7 231.3 271.3 323 .7 367.0 i 
9,000 144.8 188.0 200.8 224.4 240.5 281.5 334.6 377.5 
9,500 150.1 195.0 208.3 232.7 249.2 291.1 344.6 386.8 
10,000 155.1 201.7 215.4 240.4 257.4 300 .1 353.8 394.8 
10,500 159.8 208.0 222-1 247 .8 265.1 308.5 362.0 401.7 
11,000 164.3 213.9 228.4 254.7 272.3 316.2 369 .3 
11,500 168.4 219.4 234.3 261.1 279 .0 323.3 375.7 
12,000 172.3 224.6 239.8 . 267.1 285 .3 329.7 
12,500 175.9 229.5 244.9 272.7 291.0 335.5 
00 
cn 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 
175.9 229.5 244.9 272.7 291.0 
179.1 234.0 249.7 277.8 296.3 
182.1 238.1 254.0 282.5 301.0 
184.8 241.8 258.0 286.7 305.3 
187. is 
189.4 
245.2 
248.2 
261.6 
264.8 
191.2 250.9 
192.8 
194.0 
19 5.0' 
335.5 
aIn addition to the feed fed there would also be fed a certain amount of 
the supplement shown in Table 3. This supplement would be fed at the rate of 
.2 of a pound per day. The estimated number of feeding days for each of the feed 
quantities is shown in Table 31. 
^Temperature is held constant at the overall mean. 
cAll values are derived from the equations in Table 11. 
^The ration is the ratio of soilage to corn. 
6The horizontal line indicates a 30 day feeding period (see Table 30). 
fThe horizontal line indicates a 60 day feeding period (see Table 30). 
gThe horizontal line indicates a 90 day feeding period (see Table 30). 
hThe horizontal line indicates a 120 day feeding period (see Table 30). 
i-The horizontal line indicates a 140 day feeding period (see Table 30). 
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Figure 18. Feed-gain transformation curves for selected 
rations derived from the overall non-stilbestrol 
production function (temperature held constant 
at the overall mean) 
Table 15. Estimated marginal gain from various total feed quantities (X ) of 
selected soilage-corn rations fed to 850 pound good-to-choice 
feeder steers (without stllbestrol) 
Pounds Marginal gaina in pounds for selected rations 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 • 3:1 2:1 
500 .0207 .0267 .0285 .0321 . 0346 .0414 .0516 .0616 
1,000 .0201 .0260 .0278 .0312 .0336 .0402 .0498 .0592 
1, 500 .0200 .0252 .0270 .0303 .0326 .0389 .0480 .0567 c 
2,000 .0190 .0245 .0262 .0294 .0316 .0376 .0462 . 0543 
2,500 • 0184 .0238 .0254 . .0285 .0306 .0364 .0444 .0518 
3,000 .0178 .0231 .0246 .0276 . 0297 .0351 .0426 .0493 
3,500 .0172 .0223 .0239 . .0267 .0287 .0338 .0408 . 0469 d 
4,000 .0167 .0216 .0231 .0258 .0277 .0325 .0390 .0444 
4,500 .0161 .0209 .0223 .0249 .0267 .0313 .0372 .0419 
5,000 .0155 .0202 .0215 .0240 .0257 . 0300 .0354 .0395 
5,500 .0149 .0194 .0208 .0232 .0248 .0287 .0336 .0370 
6,000 . 0144 .0187 .0200 .0223 .0238 .0275 .0318 .0346 e 
6,500 .0138 .0180 .0192 .0214 .0228 .0262 .0300 .0321 
7,000 .0132 .0173 .0184 .0205 .0218 .0249 .0282 .0296 
7,500 .0126 .0165 .0177 .0196 .0208 .0237 .0264 ) .0272 f 
8,000 .0120 .0158 .0169 .0187 .0198 .0224 .0246 t ' .0247 
8,500 .0115 .0151 .0161 .0178 .0189 .0211 .0228 .0223 
9,000 .0109 .0144 .0153 .0169 .0179 .0199 .0210 .0198 
9, 500 .0103 .0137 .0145 .0160 .0169 .0186 / .0192 . 0173 
10,000 .0097 .0129 .0138 .0151 .0159 .0173 ( .0174 .0149 R 
10,500 .0092 .0122 .0130 -0142 .0149 .0161 .0156 .0124 
11,000 .0086 .0115 .0122 .0133 .0140 .0148 .0138 
11,500 .0080 .0108 .0114 .0124 .0130 .0135 .0120 
12,000 .0074 .0100 .01 07 . m i « m oh r\ i  r> 
11,000 .0086 .0115 .0122 .0133 .0140 
• V/XU-L 
.0148 
11,500 .0080 .0108 .0114 .0124 .0130 .0135 
12,000 .0074 .0100 .0107 .0116 .0120 .0122 
12,500 .0068 .0093 .0099 .0107 .0110 .0110 
13,000 .0063 .0086 .0u91 .0097 .0100 
13,500 .0057 .0079 . 0083 .0089 .0090 
14,000 .0051 .0071 .0075 .0080 .0081 
14,500 .0045 .0064 .0068 
15,000 .0040 .0057 .0060 
15,500 .0034 .0050 
16,000 .0028 
16,500 .0022 
17,000 .0017 \ 
. U-LOO 
.0138 
.0120 
.Ul%4 
aAll values have been derived from the equations in Table 11. 
DThe ration is the ratio of soilage to corn. 
°The horizontal line indicates 100 pounds of gain (see Table 13). 
^The horizontal line indicates 200 pounds of gain (see Table 13). 
eThe horizontal line indicates 300 pounds of gain (see Table 13). 
fThe.horizontal line indicates 350 pounds of gain (see Table 13). 
SThe horizontal line indicates 400 pounds of gain (see Table 13). 
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increases as the proportion of corn in the ration Increases. 
Least-Cost Rations 
The least-cost ration or combination of corn and. soilage 
for producing a given level of gain is specified whenever the 
marginal rate of substitution between the feeds is equal to 
their inverse price ratio. That is, the least-cost ration 
for a given level of gain is determined when 
P 
(29) -â-E - t where is the marginal rate of 0 0 rp C7 v 
substitution of corn for soilage and Pq is the price of corn 
and Pp is the price of soilage. Whenever the substitution 
ratio is greater than the price ratio, a ration containing a 
greater proportion of corn should be fed because the value 
of the soilage replaced by corn is greater than the value of 
the added corn. However, If the substitution ratio is less 
than the price ratio then a ration containing less corn should 
be fed in order to attain the given level of gain with the 
least-cost ration. 
The beef steers in this experiment were fed a fixed 
ration throughout the course of the experiment. Therefore, 
the production function, which expresses total gains as a 
function of the corn and soilage consumed, is determined for 
a feeding system where all rations are a fixed proportion of 
corn and soilage and are fed as such for the entire feeding 
90 
period. Furthermore, the isoquants, derived from the produc­
tion function, show all the possible combinations of corn and 
soilage that will produce a given level of gain under a fixed 
ration feeding system. 
Since the slope of the gain isoquant is the marginal rate 
of substitution between feeds, then the point on the gain iso­
quant where the substitution ratio is equal to the inverse 
price ratio specifies a certain combination of corn and soil­
age that will produce the given level of gain at least cost.* 
This combination of corn and soilage determines the ration, 
that when fed as a fixed ration, will produce the given level 
of gain at least cost. The ration is found by solving the 
particular combination of corn and soilage for the ratio of 
soilage to corn. However, for any other level of gain, 
assuming the feed price ratio unchanged, this ration will not 
be the least-cost ration. 
*The isocline equations for the stilbestrol and non-
stilbestrol rations are (where K is the corn-soilage price 
ratio): 
I. With stilbestrol 
F = -02516051K - .11657150 + (.0000000574K + .0000099910)0 
.0000000574 + .000001491K 
II. Without stilbestrol 
p .02128774K - -14971812 + (-.0000057907K + .0000245224)0 
r 
= -.0000037907 + .000001155K 
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Various corn prices ranging from 75 cents per bushel 
through $1.75 per bushel and soilage prices ranging from $1.00 
per ton through $8.00 per ton were used in estimating least-
cost rations in terms of beef gains. The soilage prices are 
derived values estimated under different economic circum­
stances. A soilage price of #6.32 per ton has been estimated 
(36) to be the cost per ton for soilage delivered to the feed 
bunk. This estimated price includes an estimated cost of 
#3.02 per ton for harvesting the soilage plus a value for the 
green forage standing in the field. The value assigned to 
the green forage standing in the field is based on $20.00 per 
ton of harvested hay. If the price of harvested hay is 
varied, then it is possible to obtain a series of soilage 
prices such that each soilage price is based upon a different 
harvested hay price. Furthermore, if forages are included in 
the crop rotation because they are considered necessary for 
good land use, then the forage crops may be grown whether or 
not they are utilized by livestock. In this case the price 
of soilage may be considered to be made up of only the har­
vesting costs, that is, $3.02 per ton. However, since the 
harvesting costs of $3.02 per ton are based on 50 head of 
cattle eating 80 pounds of soilage per day for 100 days, the 
harvesting costs may well vary above or below $3.02 per ton 
depending upon the size of the feeding operation and the 
harvesting methods. Hence, under different economic cir­
92 
cumstances it is possible for soilage prices to vary over a 
range somewhat greater than from $3.02 to $6.32. Therefore, 
soilage prices ranging from $1.00 to #8.00 per ton were used 
in the analysis of least-cost rations, in order to allow for 
various soilage prices due to the "opportunity costs" of har­
vested hay and for differences in the cost of harvesting soil­
age. 
Predicted least-cost rations, for various levels of gain, 
for a series of corn-soilage price ratios are presented in 
Table 16 for the stilbestrol rations and the least-cost 
rations for the non-stilbestrol rations are given in Table 
17. The least-cost ration when stilbestrol is fed in the 
ration can be determined in Table 16 in the following manner. 
If the price of corn is $1.12 per bushel and the price of 
soilage is $4.00 per ton, then the corn-soilage price ratio 
is 10.0. For this corn-soilage price ratio, 100 pounds of 
gain can be produced at least cost by feeding 5,182 pounds of 
the all soilage ration. The time required for the beef steer 
to gain 10'j pounds is estimated to be 59.5 days.* Using the 
same price ratio, 200 pounds of gain can be produced by feed­
ing 539 pounds of corn and 8,084 pounds of soilage which is 
a soilage-corn ration of 15:1. The estimated time required 
for the beef steer to attain this gain is 105.7 days.* If 
*The time equation, equation 39, presented in a later 
section provides the basis for the time estimates. 
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Table 16. Least-cost rations^for selected levels of -ain and various corn-soi 
' (with stilbestrol)0 
Corn- 100 lbs. gain 200 lbs. fain 
soilage ?eed required:u Ko. Seed re quired: ho. 
price Lbs. Lbs. of L ". s • Lbs. of 
ratio corn •soilage Ration0 daysc corn soilage hation days 
5.0 (63k) (1,26:) '{2.0)3 v30.i?) (1,313) :2,62j) :2.o)c /:2. ) 
6.0 3ûo 2,y02 .3 Û2. 1,110 3,777 3,4 72.0 
7.0 99 k,ko5 Ù5.2 5Ii.2 :'d5 5,23^ 5.y • 3-ii 
y.o 
— —  5,lo2 all scilare 5. o 730 6,3:o . 7 (10 
>'.o —. II It :t 620 7,31/ 11.-. < • 
10.0 
— —  
U II it 535- 15.0 1'J>.7 
11.0 —  —  it tt M l7>v- -3,722 1..2 110.7 
12.0 —  —  TI IÏ ti 1,31 u o .g 22.*-j 115.0 
13.0 I! II ri 3: 'Y..25 2 •• • 
14.o II. ÎI it 365 10,125 27.' 122.U 
15.0 !! tt ït 3ll 10,^71 30.7 1 
16.0 — — N IÏ it 321 10,702 33.6 127.1; 
17-0 ft II ii 33i; ll,o5t 3'-'..3 I2y.6 
18.0 — — :i :i it 2;'0 ll,2yc 3-.: 731.7 
19.0 .if " :i it 27 ' r.,5%6 1:1. L 133.5 
20.0 — — it rt i; 26a 11,714 43.6 1:5.2,. 
21.0 it it tr 260 ll,o93 * '* 13'-.7^ 
22.0 ïï it :i 252. 12,05% l;.': 13:.i: 
23.0 — — it tr n ' 245 12,205 li-'.v 13y.i1; 
2L.0 M » » 240 12,31:2 51.5 -.'3.5% 
25.0 tt it Ï! 231 12,46% 53.2 l. 1.6; 
^Temperature is held cens tant at the over all .mean • 
'
DFor e ach oi' the feed cc"binatio; is there T.-;r-ulc' al sc bo fed a certa :.r: ancv? 
fed at the rite ci .2 of a pound per day. 
ciiation is the ratio ox scil&gc t=. com. 
^The tine equation, equation 35', presented in a lat :r raction prcvicoc th 
eThe predicted feed requirements for the least-cost ration resulted m a 
of the experiment. Therefore, the highest ccrr ration \i.o., the 2:1 silage c 
xThe estimated feeding period exceeds the 136 day average feedlnr period 
o^rn-soilajre price ratios for o50 pound gcoc-to-c'noice feeder steers 
3U0 1:, cam 1,00 lbs. -ain 
he. 
o.? 
days 
/eed required : 
?.3ti021 
ho. 
of 
clays 
7eed r c-cuir ad: 
Nation 
LIo. 
of 
days 
L'es. 
corn 
Lbs. 
soilage 
Lbs. 
corn 
Lbs. 
soilage 
.12. ) (2,ok: ) l2.0)e l>'7-5) (2,^ U (5,.70» (2.0)e (135-2) 
72.0 l,yl;u h,721 2.U 102. y 2,047 5,753 2.0 135.6^  
1,732 3o 111;.2 2,659 6,^ 71 2.6 (10 -, 1,5:'0 7,127 u/p 123.0 2,530 7,5/35 3.1 
* y . ^ l,L,j'J 1,^ 5 > .4 130.1 
1U5.7 1,1:1-- :,6y0 6.1 13:.0., 
110.7 i!j; • • O r. u k s 6. 
11 J. 0 1,315  ^,777 7.1, 
1,2.^ 0 . 10,2-3 ' .0 
1P2.U 1,253 ic^ vi - "4 i5i.v; 
1, 31 m i 
-
x
- y J . 7  l.vl; .7" 
—-z 
of tl.o scoplr r.:ert si-own in Table 3« -his sunnlcrnent would be 
icon tho basis .Cor tiecc estimates. 
:i in a ,;c-corr: ration of loos than 2:1 which is outside the limits 
Lia^ e coir, ration) has been substituted as the least-cost ration. 
period in the a périment. 
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Table 17. Least-cost rations for selected levels of gain 
(without stilbestrol}3 
cr.o various corr. 
Corn- 100 lbs. rain 200 lbs. rain 
soilage Feed required:s I.o. Feed recuired: :.o 
nrice lbs. Lbs . of Lbs. lb ;. • 0 
ratio corn scilage „ationc days1"* ccrn soilcge hation C v-
5.o (556) (1,111) (2.0)3 \2?.0) :i,2u:) (2,117) (2.0)C 
6.0 tt ii •.te n » n ;tC 
7.0 It . it tie it it :i nO 
r.O 2^ 2 3,520 11;. 6 til* à 1,197 2,502 2.1 
9.0 —  all soilage 32.6 3ys 5,031 5.6 
10.0 — tt II it 6y: 6,93o y.y 
11.0 — it It ti 55 :!,3y7 15.0 
12.0 — tr It it 45 • y,5ii6 20.. 
13-0 —  it :t TI o J -T 10,1,:.;? 27-3 
Ui.o — —  ii it II 328 11,233 31.2 
15.0 ;— it it n 2b5 11,850 41.6 
16.0 ii tt tt 251 12,377 4 y 
17.0 it it ït 223 12,J27 57.': 
lti.0 n ït it 201 13,215 65.7 
ly.o it it it 133 13,553 71; .1 
20.0 ii ii ir 16: i3,;^ y 32.6 
21.0 tt tt tt 155 11,111 y i.i 
22.0 — — it it it ilk 1^ ,3U; yy.6 
23.0 it it it 135 11,553 10 .0 
2b. 0 tr it it 127 H,7L1 116.3 
25.0 it it it 120 11., S'il 121.5 
aTerr.perature is held constant at the cv crall nicer: . 
(ol 
I! 
M 
62 
76 
r .n  
- I 
?6 
103 
lOy 
114 
119 
122 
125 
12 5 
130 
133 
136 
13" 
13 y 
i Lu 
°?or each of the feed combinations there would also be fed a certain ; 
fed at the rate of .2 of a pound per cay. 
cRation is presented as the ratio of soilage tc ccrn. 
"The time equation, equation Z;0, p.".'rented in a ltter :;cct:Lon pre vice: 
eThe predicted feed requirements for tie Icast-co^ t ration resulted i* 
of the experiment. Therefore, the highest ccrn ration (i.e., the 2:1 soil; 
"The estimated feeding period exceeds the 13- day average feeding peri 
3otl;:v price ratios ior "50 pound £Cid-to-choice feeder steers 
o. 
of 
jùO 1: s. :;ain 
oea requirea: 
c:or: 
L! J • 
L,]_cn 
: ; C .  
of 
r:, r.-.-R 
350 lbs. gain 
Feed required; 
Lbs'. Lbs. 
corn soilape :'-6 Lion 
No. 
of 
days 
(2,03?) 
!1 
6 2 . 2  
76.4 
o; A 
1,?71 
l,b62 
1,7L3 
(3,2c'f ; 
it 
1: 
ti 
b, 13 y 
5,c:5 
6,7:7 
(2.0)^(101.5) 
11-2 11 
:|G ii 
il G :i 
ilG 11 
2.4 105.5 
3.2 112.7 
3.: IIS .6 
\2,5?7) I5,l?5) 
tt  
It  
!I 
!! 
It 
!t  
t r  
10?..' 1,725 7,510 i,.i; l?3-4 2,55; 5,o71 
Ill; 1,6.1 -',102 b. 127.4 2,523 6,162 
119.0 l,6iid 6,592. 5.2 130.6 2,l?5 6,56? 
122. 3  1,521 ?,006 5\6 1;3.7 2,2:73 6,913 
I25.0 1,5?? 9,361 5.? l^:.l^ 2,1:55 7,205 
123.5 1,5^2 9,'% 5.1 135.3^ 2,U:0 7,l5o 
130.9 1,566 9,?30 6.3 140.3; 2,2:29 7,677 
133.0 1,556 10,1^2 6.5 1^2.0t 2,419 7,870 
i;L.9 l,5u6 10,36: 6.7 1.3.5t 
136.7_ 1,537 10,551 6.? lil.d; 
luo.l-13%2: 1,53: 10,71^ • 7.0 
i3y.s; 1,52- 10,C62 7.1 117.2t. 
11:0.6- 1,51:' 10,V95 7.2 Ii; 0.2 
(2.0) 
ue 
tie 
ne 
ne 
ne 
»e 
11 e 
2 . 2  
2 .h  
2.6 
2 .8  
2.9 
3.1 
3.2 
3.3 
e.-(127.1) 
tl  
It 
ÏI 
tt 
It 
: t  
:t  
130.3 
133.7 
136.6^ 
139.0; 
14l.lt 
lii2.9t 
1^4-5t 
lh$.9z 
.in a:;icunt of the suppl-raent shown in Tebl-: 3. This supplement would be 
ic.es.trc ban is for these estimates. 
d ir. a 5:ila~c-ccrr: ration of less than 2:1 which is outside the limits 
cila^e-ccrn ration) has been substituted as the least-cost ration. 
period in the ïxperinent. 
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the price of corn is $1.12 per bushel and soilage is $8.00 
per ton then the corn-soilage price ratio is 5.0. In Table 
16, the predicted least-cost ration for this feed price ratio 
is less than the 2:1 ration for all levels of gain. There­
fore, the highest corn ration fed in the experiment has been 
substituted for the estimated ration because high corn con­
centrate rations outisde the limits of the experiment may be 
physiologically unfeasable. Actually, what the physiologic­
ally limiting ration is has not been determined; therefore, 
in order to not recommend a ration that may be physiologically 
unfeasable, the 2:1 ration has been used as the least-cost 
ration in all such cases. Table 17, which gives the least-
cost rations for the non-stilbestrol rations, is interpreted 
in a similar manner.' 
As mentioned earlier an isocline is a line that connects 
all points of equal rates of substitution on successive iso-
quants. The isocline that connects all points on successive 
isoquants where the substitution ratio is equal to the inverse 
price ratio specifies at the intersection point with each 
isoquant the combination of corn and soilage that will produce 
that level of gain at least cost. Isoclines showing the path 
of least-cost stilbestrol rations for a few of the corn-
soilage price ratios presented in Table 16, are plotted in 
Figure 19. The least-cost stilbestrol rations for 200, 300 
and 400 pounds of gain with a corn-soilage price ratio of 10.0 
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are depicted in Figure 19. For 200 pounds of gain, the least-
cost ration is the 15:1 soilage corn ration and for 300 pounds 
of gain the 6.1:1 soilage-corn ration is the least-cost ration. 
Isoclines showing the path of least-cost non-stilbestrol 
rations for some of the corn-soilage price ratios, in Table 
17 are plotted in Figure 20. Similarly, the least-cost 
rations for various levels of gain with a corn-soilage price 
ratio of 10.0 are also shown in Figure 20. 
The corn-soilage price ratio map in Figure 21 provides 
a simplified method of estimating the least-cost ration for 
various corn and soilage prices. The price ratio map is so 
designed that it indicates an optimum least-cost ration for 
a range of corn-soilage price ratios rather than "the" 
optimum least-cost ration for all possible corn-soilage price 
ratios. That is, instead of attempting to estimate the least-
cost ration for an infinite number of price ratios, only a 
selected number of least-cost rations have been estimated so 
that each least-cost ration applies to a range of price 
ratios. This method of estimating the least-cost rations is 
based on the assumption that the gain isoquants are made up 
of a series of linear segments. 
The diagonal lines on the price ratio map, in Figure 21, 
may be called iso-price ratio lines since they depict the 
various combinations of corn and soilage prices that have the 
same corn-soilage price ratio. The iso-price ratio lines, in 
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Figure 21, divide the corn-soilage price map into price ratio 
areas which are indicated as A, B, ..., H. All price ratios 
that lie within any one of these price ratio areas specifies 
the same least-cost ration. 
For any given corn price and any given soilage price 
there exists a unique point on the price ratio map. The price 
ratio area in which this point lies determines, for several 
different levels of gain, which of the rations in Table 18 or 
Table 19 is the least-cost ration. 
Given the price of corn and soilage, the level of gain 
that is to be attained, and whether or not stilbestrol is to 
be fed, the least-cost ration can be specified in the follow­
ing manner: Assume the price of corn is Si.20 per bushel and 
the price of corn is #6.00 per ton. The coordinates of these 
two prices lies in price ratio area "D11. The least-cost 
ration for 300 pounds of gain when stilbestrol is fed is found 
in Table 18. The least-cost ration will be a soilage-corn 
ration of 3.8:1 and requiring 563 pounds of corn and 2,125 
pounds of soilage per 100 pounds of gain. This ration re­
quires a feeding period of 117 days* with an average daily 
gain of 2.57 pounds. The least-cost ration for 100 pounds of 
gain when stilbestrol is fed in the ration, assuming the same 
feed price ratio, is found to be a soilage-corn ration of 
*The time equation, equation 39, presented in a later 
section provides the basis for the time estimate.. 
Table 18. Least-cost rations for 850 pound good-to-choice feeder steers in terms 
of feed per 100 pounds of gain (with stilbestrol)a 
Price Average Number 
ratio Lbs. Lbs. , daily of 
area cornD soilage Ration0 galh& days® 
100 pounds of gain: 
200 pounds of gain: 
300 pounds of gain; 
3 50 pounds of gain: 
A 
B 
0 
D 
E 
F 
G 
H 
A 
B 
C 
D 
E 
F 
G 
H 
A 
B 
C 
D 
E 
F 
G 
H 
A 
B 
C 
n 
(634) 
569 
298 
48 
(656) 
( " ) 
535 
418 
316 
228 
160 
114 
(683) 
( " ) 
634 
563 
499 
446 
404 
(697) 
( " ) 
671 
RI » 
(1,268) 
1,612 
3,162 
4,827 
5,182 
(1,313) 
( " ) 
2,010 
2,786 
3,612 
4,482 
5,391 
6,330 
(1,365) 
( " ) 
1,648 
2,125 
2,633 
3,168 
3,726 
(1,395) 
( " ) 
1,554 
1 QAA 
(2 .0 )  
2.8 
10.6 
100.7 
All soilage 
n 
h 
n 
(3.28) 
3.02 
2.24 
1.76 
1.68 
n 
n 
n 
(2.0)^ (3.18) 
( " )f ( " ) 
3.8 2.70 
6.7 2.32 
11.5 2.02 
19.6 1.78 
33.7 1.57 
55.8 1.40 
(2 «0)1 (3.08) 
( " )f ( " ) 
2.6 2.86 
3.8 2.57 
5.3 2.32 
7.1 2-10 
9.2 1.91 
(2.0)I (3.02) ( U )f ( " ) 
2.3 % n 
2.90 
(30.5) 
33.1 
44.7 
56.9 
59.5 
n 
n 
n 
(62.8) ( " ) 
74.0 
86.1 
98.9 
112.6 
127.4 
143.3^ 
(97.5) 
( " ) 
104.8 
116.7 
129.4^ 
142.8g 
157.28 
„h 
(115.9) ( " ) 
120.8 
400 pounds of gain: 
B 
C 
D 
E 
F 
G 
A 
B 
C 
D 
S 
F 
G 
H 
\  vw/  i  y  
(  "  )  
671 
612 
560 
517 
(714) 
( " ) 
704 
655 
\ -L , oc? u / 
( " ) 
1,554 
1,944 
2,359 
2,797 
(1,427) 
( " ) 
1,489 
1,813 
v w -
< " >f 
2.3 
3.2 
4.2 
5.4 
2.1 
2.8  
V O . uzj 
( " ) 
2.90 
2.64 
2.41 
2.21 
(2.96) 
( " ) 
2.91 
2.68 
kiio.y ) 
( " ) 
120.8 
132.7 
145.3g 
158.58 
__h 
(135.2) 
( " ) 
137.48 
149.28 
h 
__h 
h 
h 
^-Temperature is held constant at the overall mean. 
^In addition.to the corn and soilage there would also be fed a certain 
amount of the supplement shown in Table 3 at the rate of .2 of a pound per day. 
°Ration is the ratio of soilage to corn. 
^Average daily gain is determined by dividing total gain by number of days. 
eThe time equation, equation 39, presented in a later section provides the 
basis for these estimates. 
^The highest concentrate ration that was fed during the experiment has been 
substituted whenever the predicted feed requirements resulted in a soilage-corn 
ratio of less than 2:1. 
SThe estimated feeding period exceeds the 136 day average feeding period 
in the experiment. 
. ^Requires a feeding period in excess of 160 days. 
Table 19. Least-cost rations for 850 pound good-to-choice feeder steers in terms 
of feed per 100 pounds of gain (without stilbestrol)a 
Price 
ratio 
area 
Lbs 
corn b 
Lbs. 
soilage0 Ration0 
Average 
dailj 
gainc 
Number 
of 
days® 
100 pounds of gain: 
200 pounds of gain: 
300 pounds of gain: 
A 
B 
G 
D 
E 
F 
G 
H 
A 
B 
C 
D 
E 
F 
G 
H 
(556) 
! : !  
(604) 1 :: S 
( " ) 
463 
256 
126 
55 
(1,111) 
( " ) 
( " ) 
( 11 ) 
5,526 
n 
n 
n 
(1,208) 
i : i 
( 11 ) 
2,396 
4,462 
6,188 
7,581 
ni 
All soilage 
II 
(2.0)1 
Mil 
5.2 
17.5 
49.4 
137.7 
(3.45) 
( " ) 
! : ! 
1.90 
n 
n 
n 
(3.24) 
( " ) 
( " ) 
( 11 ) 
2.67 
2.00 
1.63 
1.40 
(29.0) ( " ) 1 
52.6 
ii 
n 
n 
!"••'! 
( " ) 
75.0 
99.9 
122.6 
142.76 
A (680) (1,359) (2.0)^ (2.96) (101.5) 
B ( 11 ) ( n ) ( " )î ( 11 ) ( 't ) 
C ( 11 ) ( " ) ( " ( 11 ) ( " ) 
D ( 11 ) ( 11 ) ( 11 )î ( 11 ) ( " ) 
E ( " ) ( 11 ) ( ii )f ( 11 ) ( 11 ) 
F 608 2,099 3.5 2.60 115.4 
G 540 3,003 5.6 2-24 133.7 
H 504 3,731 7 .4 2.00 149.7& 
350 pounds of gain: 
E 
F 
G 
H 
A 
B 
C 
D 
E 
F 
G 
H 
( " ) 
608 
540 
504 
866 
824 
794 
( " ) 
2,099 
3,003 
3.731 
1.732 
) 
2,304 
2,908 
( " )f 
3.5 
5.6 
7.4 
iil 
2 . 8  
3.7 
( " ) ( " ) 
2.60 115.4 
2.24 133.7 
2.00 14-9.7g 
(2.75) (127.1) 
( " ) ( " ) ( a ) ( 11 ) 
( 11 ) ( " ) 
( 11 ) ( " ) 
Z II X 
2.52 
2.30 
139.0g 
152.46 
^Temperature is held constant at the overall mean. 
^In addition to the corn and soilage there would also be fed a certain 
amount of the supplement shown in Table 3 at the rate of .2 of a pound per day. 
cRation is the ratio of soilage to corn. 
^Average daily gain is determined by dividing total gain by number of days. 
eThe time equation, equation 40, presented in a later section provides the 
basis for these estimates. 
fThe highest concentrate ration that was fed during the experiment has been 
substituted whenever the predicted feed requirements resulted in a soilage-corn 
ratio of less than.2:1. 
SThe estimated feeding period exceeds the 138 day average feeding period 
in the experiment. 
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100.7:1 including 48 pounds of corn and 4,827 pounds of soil­
age. The feeding period will be 57 days* long with an aver­
age daily gain of 1.76 pounds. 
The rations in Table 19, the non-stilbestrol rations, 
are interpreted in a similar manner. The feeds — corn and 
soilage — reported in Tables 18 and 19 are in pounds of feed 
required per 100 pounds of gain. This method of stating feed 
requirements is consistent with the general practice followed 
in the animal sciences. 
Estimation of the Time Function 
The proportion of corn in the soilage-corn rations will 
affect the rate of gain as well as the cost of gain. For the 
ration that produces the fastest gains need not necessarily 
coincide with the least-cost ration. 
In order to estimate what effects the different feed 
rations have on the rate of gain, a function that expresses 
the quantity of soilage consumed as a function of the quan­
tity of corn fed and time was computed from the basic experi­
mental data. The function, F = f (G, T), where F denotes 
pounds of soilage, C denotes pounds of corn and T denotes 
time in days, can be used directly to derive iso-time curves. 
That is, for any given time this function can be used to 
*The time equation, equation 39, presented in a later 
section provides the basis for the time estimate. 
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determine the quantities of corn and soilage that will be 
consumed when these two feeds are fed in various proportions. 
The total time required to consume given quantities of corn 
and soilage may be obtained by solving the function, F = 
f(C,T), for time. The function then expresses time as a 
function of corn and soilage, (i.e., T = t(C,F). 
The function that was used to predict soilage consump­
tion was a quadratic function of the type: 
(30) Ft = a]Ct + agTt + + a4T5 + a5<-!Tt + ut 
where F refers to pounds of soilage consumed, C refers to 
pounds of corn consumed, T refers to time in days, the a^1 s 
(i = 1, ..., 5) are constants to be estimated, u is a random 
variable arid t is an index of time. The function is esti­
mated without a constant term under the assumption that when 
corn consumption and time are both zero then forage consump­
tion will also be zero. A further assumption was made, in 
that the random variable u% was generated by the autoregres­
sive scheme : 
(31) ut = put_i + a6Ht + et 
where p is the autocorrelation coefficient, H is a tempera­
ture variable, a is a constant to be estimated and e^. is a 
random variable with the properties given by the equations 
in 13 • 
The temperature variable has been included in equation 
31 under the assumption that the temperature during any one 
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observation Interval may increase or decrease the quantity of 
forage that would be consumed during that feeding interval. 
Equation 30 can be rewritten for ut-1 to give : 
Equation 32 can now be solved for u^_^ and substituted into 
equation 31 to give: 
Now by substituting equation 33 into equation 30 and collect­
ing terms, the following equation is obtained: 
(34) (F% - /?Ft-1) - a^C-j- - + a2^Tt " 
Thus, if the variables in equation 30 are replaced by the 
transformed variables in,equation 34, then the errors, e^., 
are not autocorrelated and the least squares method of esti­
mation will apply. 
The autocorrelation coefficient that was used in the 
soilage consumption transformation equation was the same 
autocorrelation coefficient that was used In transforming the 
data for the production function. The same autocorrelation 
coefficient was used for two reasons. First, when the auto­
+ a5CTt-l + ut-l* 
(33) ut - /?(Ft-1 - - a2Tt-1 - a3C^_1 -
+ a3(0| " + a4<T? " P Ttl> 
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correlation coefficient for the soilage consumption function 
was estimated in the same manner as for the production func­
tion, this method gave a biased estimate of (? . For the 
experimental data show that there was a tendency to feed all 
lots, that were fed the same ration, the same quantities of 
corn and soilage. Some of the lots that were fed the same 
ration were actually fed the same quantities of corn and 
soilage for the entire feeding period. However, other lots, 
that were fed the same rations, may have been fed the same 
quantities of soilage and corn for a portion of the feeding 
period or at least up until it was quite evident that one of 
the two lots would actually eat more soilage and corn than 
the other lot. Only then would there be' a definite differ­
ence in the quantities of feed fed to each lot and the dif­
ferences were always in the same direction. Thus, the auto­
correlation coefficient tends to be biased upward due to the 
tendency of feeding all lots, that were fed the same ration, 
the same quantities of corn and soilage. Second, since the 
data had already been transformed for the production function 
it was decided to use this transformed data in estimating the. 
soilage consumption functions. 
The overall soilage consumption functions estimated using 
the transformed data in the quadratic function are: 
10? 
I. The overall stilbestrol function 
(35) F = -1-992155C + 82-750048T + .00026539C2 
+ .07410081T2 - .00856894CT + .88080396H 
II. The overall non-stilbestrol function 
(36) F = -3.46052220 + 102.8699400T + .00009447C2 
+ .04277036T2 - .00066794CT + 17.99069800H. 
The coefficient of determination, standard errors and 
the "t" values for the overall stilbestrol and non-stilbestrol 
soilage consumption functions are presented in Tables 20 and 
21, respectively. The coefficient of determination is quite 
high for both the stilbestrol and non-stilbestrol functions. 
This high coefficient of determination indicates that a major 
portion of the variance in soilage consumption has been ex­
plained by the quadratic function. Most of the variables 
that were used in the regression are acceptable at a very 
high level of significance. Even though certain variables 
are acceptable only at a rather low level of probability, 
they have been retained in the regression since the basis for 
including the variables in the regression appeared to be con­
sistent with nutrition and production logic. 
The temperature coefficient for both the stilbestrol and 
non-stilbestrol soilage consumption function must be inter­
preted in light of the experimental feeding period which was 
started the second week in May and continued through to the 
latter part of September. When feeder cattle are first put 
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Table 20. Coefficient of determination, standard errors and 
"t" values for the overall stilbestrol soilage 
consumption function (equation 35) 
R2 
Independent 
variable 
Standard 
error of 
regression 
coefficient 
"t" 
value 
Level of 
. significance 
.99 54 C .30406658 6.552 p < .001 
T 3.04666905 27.161 p < •001 
C2 .00013424 1.977 .05 < p < .10 
T2 .02216920 3.343 .001 < p < .005 
CT .00335280 2.556 .01 < p < .025 
H 4.41571104 .199 p > .50 
Table 21. Coefficient of determination, standard errors and 
"t" values for the overall non-stilbestrol soilage 
consumption function (equation 36) 
Standard 
error of 
p Independent regression "t" .Level of 
R variable coefficient value significance 
C .28670829 12-070 p < .001 
T 2.96349518 34.712 p < .001 
c2 .00013380 .706 p > .40 
T2 .02100461 2.036 .05 ^  p ^ .025 
CT .00327306 .204 p > .50 
H 4.00302548 4.494 p < .001 
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on a new feeding ration that differs from what they were 
normally being fed, a certain period of time is required for 
the feeder cattle to adjust themselves to the new ration after 
which they will tend to consume larger quantities of the given 
ration. Furthermore, as the feeder cattle put on more weight 
they will also tend to eat more of the given ration. There­
fore, it is not surprising that the coefficient for the 
temperature variable would have a positive sign since temper­
ature is positively correlated with the conditions on con­
sumption mentioned above. While the coefficient on the 
temperature variable for the stilbestrol function is not sig­
nificant at the usual probability levels, it has, however, 
been retained in the consumption function in order to be 
consistent with both the stilbestrol and non-stilbestrol con­
sumption functions. 
The soilage consumption equations or the iso-time equa­
tions (i.e., equations 35 and 36) express the quantity of 
soilage (F) that will be consumed as a function of corn (C) 
and time (T). If time is held constant at a given number of 
days, then the soilage consumption equations will specify all 
possible combinations of soilage and corn that will be con­
sumed within this given time period. Since the feeder steers 
have been on full feed, the iso-time function will predict 
the "stomach capacity" of the feeder steers for any given 
feeding period. 
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The slope of the iso-time curve or the "stomach capacity" 
curve indicates the substitution rate between feeds when time 
is held constant. That is, the substitution rate with time 
held constant indicates the amount one feed must be decreased, 
in order to increase the consumption of the other feed by one 
unit. The rate of substitution between soilage and corn for 
a given time period can be derived from the soilage consump­
tion functions. The equations for predicting the rate at 
which corn substitutes for soilage in consumption for any 
given feeding period are: 
I. With stilbestrol 
(3?) = -1.992155 + .148201620 - .00856894T 
II. Without stilbestrol 
(38) = -3.4605222 + .000180940 - .00066794T. 
The iso-time schedules and the associated rates of sub­
stitution have been derived for 30, 60, 90, 120, 130 and 140 
feeding days and are presented In Tables 22 and 23 for the 
overall stilbestrol and non-stilbestrol functions, respec­
tively. The iso-time schedules have been plotted in Figure 
22 for the overall stilbestrol function and In Figure 23 for 
the overall non-stilbestrol function. Às mentioned earlier 
the slope of the iso-time curves at any given point indicates 
the rate at which corn substitutes for soilage in consump­
tion. The curvature of the iso-time curves, as indicated in 
both Figures 22 and 23, change very little, suggesting that 
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v Table 22. Iso-time schedules shoeing quantities of various feed combinations^ that could 
of corn for soilage in consumption for six different feeding intervals (with s1 
30 days 60 days 90 .cays 
Lbs. Lbs. d? Lbs. d ? Lbs. 91' 
corn soilage Ration^ 90 soilere Ration 9 G soilage Nation 9C 
0 2,-549 „e 2.2 5 5,232 e 2.5i 5,016 e 2.7 0 
100 2,327 23.3 2.20 4,984 19.8 2.45 7,771 77.7 2.71 
200 2,110 10.5 2.Hi 4,741 23.8 2.1+0 7,506 37.5 2.66 
300 1,896 6.3 2.09 4,504 15.0 2.35 7,243 24.1 2.60 
400 1,692 it-2 2.0Ù 4,272 10.7 2.29 6,925 17.5 2.55 
500 1,191 3.0 1.98 L,01;5 5.1 2.21; 6,732 13.5 2.50 
600 1,295 1.93 3,82b o.4 2.19 6,485 10. « 2.1:4 
700 1,105 1.6a 3,607 5.2 2.13 6,243 5 . 9  2.39 
800 3,397 i; • 2 2.02 6,007 .. 7.5 2.34 
900 3,191 3.5 2.02 5,776 6.4 2.29 
1,000 2,991 3.0 - l.yG 5,550 5.5 2.23 
1,100 2,796 2.5 1.92 5,329 4.0 2. IB 
1,200 2,606 2.2 i.:-7 • 5,114 4.3 2.13 
1,300 ' 2,422 1.9- l.c2 4,904 3.y 2.07 
1,2;00 4,699 3.4 2.02 
1,500 4,500 3.0 1.9V 
1,600 . 4,306 2.7 1.91 
1,700 4,117 2.4 l.uo 
1,800 3,934 2.2 1.81 
1,900 3,755 2.0. 1.75 
2,000 3,5^3 "• 1.3'" 1.70 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2,700 
2,300 
2,900 
3,000 
aFor each of the feed combinations there would aLsc be fed a certain amount of the su. 
of.a pound per dayi 
^Temperaturs is held constant at the overall mean. 
^Indicates the msrginsl rateof substitution of corn for soilage in censunption. 
^Ration is the ratio of soilage to corn. 
eThe all soilage ration. 
^AU feed combinations at this point exceed the 2:1 ration and, hence, are out s ice th< 
/ 
cculc possibly be fed and the marginal rate of substitution 
ith stilbestrol)^  
120 cays 130 days ikO days 
lbs. 9F lbs. 21 Lbs. a? 
-
soil; ge i Ration a c soilage Ration ao soilage Ration a c  
S 10,>'97 e 3.02 - 12,010 e 3.11 13,037• e 3.19 
L 10,697 10.70 2.97 11,701 117.0 3.05 12,721 127.2 3.14 
3 10,1-01 52.0 2.91 11,399 57.0 3.00 12,410 62.0 3.09 
3 10,115 33.7 2.86 11,102 37.0 2.95 12,104 kO.3 3-03 
? i ,«31 2k. 6 2.61 10,010 27.0 2.69 11,803 29.5 2.98 
3 ,^553 1.: .1 2.76 10,523 21.0 2.84 11,506 23.0 2.93 
',250 15.5 . 2.70 10,212 17.1 2.79 11,218 • 18.7 2.87 
J : ,013 12.9 2.65 9,966 1.4.2 2.73 10,933 15.6 2.82 
5,751 10. y 2.60 9,695 12,1 ' 2.6o 10,65k 13.3 2.77 
J 6,1.9k y.4 2.5k 9,^ 29 10.5 2.63 10,380 11.5 2.71 
3 6,21:2 3.2 2.k9 y,l6y 9.2 2.5% 10,111 10.1 2.66 
7,.96 7-3 2.4k . 8,91% 6.1 2.52 9,okb 9.0 •2.61 
3 7,755 .5 2.3c 3,o65 7.2 2.47 9,589 3.0 2.55 
J 7,519 5.6 2.33 8,420 6.5 2.42 9,336 7.2 2.50 
I 7,2:9 5.2 2.25 0,161 5-" 2.36 9,089 6.9 2.45 
/ 7,061 k-7 2.22 7,9W 5-3 2.31 0,8k7 5.9 2.ko 
L c,tl:3 h'3 2.17 7,719 h. 8 2.26 8,610 5.4 2.3k 
) u,629 3.y 2.12 7,496 4.4 2.20 8,378 k.9 2.29 
L 20 3.6 2.07 7,279 4.0 2.15 8,152 4.5 2.2k 
5 6,216 3-3 2.01 7,066 3.7 2.10 7,931 k.2 2.18 
) 6,018 3.0 1.96 6,659 3.4 2.04 7,715 3.9 2.13 
5,c25 2 . o  1.91 .6,657 3.2 1.99 7,505 3.6 2.08 
5,637 2.6 1.55 6,461 2.9 1.9k 7,300 3.3 2.02 
5,1.5k 2.4 i . y o  u,270 2.7 1.89 7,100 3-1 1.97 
5,277 2.2 i • 75 6,084 2.5 1.82 6,906 2.9 1.92 
5,105 2.0^  1.69 5,903 2.4 1.78 6,717 • 2.7 1.86 
• 1.9" • 1.64 5,726 2.2 1.73 6,533 2.5 1.81 
5,553 2.1, 1.67 6,35k 2.4 1.76 
5,353 1.9f 1.62 6,181 
6,013 
5,850 
2.2 
2.1 
2.0 
1.71 
1.65 
1.60 
,he supplcnen t shown in Table 3- Tris supplement would be fed at the rate of .2. 
ce the limits of ths experiment. 
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Table 23 • iso-time schedules showing quantities of varie us feed combinations^  that cculd possibly b 
of corn for soilage in consumption for six different feeding intervals (without stilbestri 
30 days 60 days y0 days 120 
lbs. Lbs. 9 F" Lbs. a? L1:S .  9 y Lbs. 
corn soilage Ration0 d c soilage dation .3 0 soilage Ration d 0 se ila£:s : & 
0 3,125 e 3.lr 6,326 e 3.50 .,605 3.52 12,960 
100 2,777 27.S 3-1*6 5,>77 59.5 3.1- 25k 92.5 3.50 12,607 i; 
200 2,132 12.2 3-hk 5,630 28.1 3.k6 ' 3,90k 3.k8 12,25% 
300 2,069 7.0 3.42 5,2:k 17.6 3-kk • 3,557 2 .5 3.k6 11,907 
Loo 1,7 V? k.k 3.ko k,9kl 12.h 3-k3 y,212 20.5 3-aS 11,55? 
500 I,k08 2 . 8 .  3.32 1,599 y. 2 3-hl 7,868 15.7 3.L3 11,21k C 
600 1,070 1.8 3.37 k,260 7.1 3-3?. 7,526 12.5 3.kl 10,570 ] 
700 3,222 5..) 3.37 7,107 10.3 3.3? 10,;,2 J ] 
800 3,586 i; -5 3.35 6,0k y j.o 3.3T 10,1:^  1 
900 3,252 3.o 3.33 6,516 7.2 3.35 9,d50 ] 
1,000 2^ 920 2.9 3.31 6,179 •3.2 3.33 y, 5ik 
1,100 2,590 2-K 3.29 5,8k 6 5.3 3.31 . 9,190 
1,200 2,261 1.9"1" 3-27 5,516 . û 3.29 8,8k-' 
1,300 5,187 k.o 3.2b 8,517 
1,400 k, 861 3.5 3.2o 8,189 
1,500 k,536 3.0 3.2k .7,862 
1,600 4,21k 2.6 3.22 7,537 
1,700 3,893 2.3 3.20 7,21k 
1,800 3,57k 2.0- 3.18 c,ô?3 
1,900 ' 3,257 1.7 3.16 u,57k ' 
2,000 6,257 
2,100 5,9kl 
2,200 5,626 
2,300 5,316 
2,1*00 5,007 
2,500 k,c99 
2,600 
2,700 
2,800 
2,900 
3,000 
a?or each of the feed combinations there would else be fed s certain amount of the supplement sh 
of a pound per day. 
T^emperature is held constant at the overall mean. 
I^ndicates the marginal rate of substitution of corn for soilage in consumption. 
R^ation is the ratio of soilage to corn. 
e
-The all soilage ration. 
-^ /Lll feed combinations - at this point exceed the 2:1 ration and, hence, are outside the limits of 
possibly be fed and the n; ; ruinai r at s s cf s-u'ostitrA.j 
. stilbes trol)^  
120 d ays 130 days l40 days 
lbs. £1 lbs. a? Lbs. dF 
sc ilajce .tat ion 9 0 soilage Catien do scilage Ration dC 
12,960 3.51; 14,096 e 3.55 15,240 e 3.55 
12,60? 126.1 3.52 13,742 137.4 3.53 14,585 145.9 3.54 
12,25o 61.3 3.5P 13,390 67.0 3.51 14,533 72.7 3.52 
11,)07 3? «7 3.46 13,04u 43.5- 3.49 14,132 47.3 3.50 
ll,55v 26.9 3.47 12,692 . 31.7 3.47 .13,834 34.6 3.48 
11,214 22.it 3«--'5 12,346 24.7 3.45 13,457 27.0 3.46 
10,570 13.1 3.43 12,002 20.0 3.43 13,142 21.9 • 3.44 
10,;,21 15.0 3-41 11,659 16.7 3.42 12,799 16.3 3.42 
10,IS? 12.7 . 3.39 11,31" 14.1 3.40 12,457 15.6 3.40 
9,650 10.9 3.37 10,950. 12.2 3.33 12,111 13.5 3-38 
5-,m 9.5 3.35 10,643 10. j 3.36 11,781 11.8 3.37 
9,180 u.3 3-33 10,306 9.4 3.34 11,445 10.4 3.35 
8,84: 7.4 3.31 9,975 y.3 3.32 11,111 9.3 3.33 
8,517 6. 3.30 9,644 7.4 3.30 10,780 8.3 3.31 
6,169 5.8 3.28 9,315 6.7 3.28 10,450 7.5 3.29 
.7,862 . 5.2 3.2o 6,967 6.0 3.26 10,122 6.7 3.27 
7,537 4.7 3.24 6,662 . 5.4 3.25 9,795 6.1 3.25 
7,214 4.2 3.22 6,338 .4.9 3.23 9,471 5.6 3-23 
c,ô?3 3.0 3.20 %,017 -;«5 3.21 9,149 5.1 3.21 
u,574 ' 3-5 3.lu 7,697 4.1 3.19 8,828 4.6 3.20 
6,257 3-1 3.16 7,379 • 3.7 3.17 8,510 4.3' 3.18 
5,941 2.8 3.14 7,063 3-4 3.15 8,193 3.9 3.16 
5,628 2.6 3.13 6,749 3.1 3.13 7,878 3.6 3.14 
5,316 2.3 3.11 6,437 2.5 3.11 7,566 3.3 3.12 
5,007 2.1 3.09 6,126 2.6 3.09 7,255 3.0 3.10 
4,699 i.y1 3.07 5,818 2.3 3.06 6,945 2.8 3.08 
5,511 2.If 3.06 6,636 2.6 3.06 
5,2:7 1.9 3.04 6,333 
6,029 
5,728 
5,426 
2.3 
2 .2  
3.04 
3.03 
3.01 
2.99 
nlement shown in Table 3- This supplement would be fed at the rate of .2. 
limits of t'ne experiment. 
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Figure 22. Iso-time curves, gain 1soquants and selected 
ration lines for the overall stilbestrol function 
(temperature is held constant,at the overall mean) 
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Figure 23. Iso-time curves, gain isoquants and selected 
ration lines for the overall non-stilbestrol 
function (temperature is held constant at the 
overall mean) 
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the substitution rates between the two feeds in consumption 
are nearly constant. The iso-time curves in both Figures 22 
and 23 are slightly convex to the origin. However, if the 
range on the experimental, rations had been extended past the 
2:1 ration the iso-time curves or the "stomach capacity" 
curves may have been slightly concave to the origin, at least 
for the heavy corn rations. These results would have been 
consistent with the hypothesis presented in an earlier chap­
ter . 
By superimposing the gain 1soquants on the iso-time 
curves, it is possible to get some idea of the portion of 
the production surface that is relevant for various feeding 
periods. Figures 22 and 23 show the predicted gain isoquants 
superimposed over the predicted iso-time curves for the stil­
bestrol and non-stilbestrol rations, respectively. For 
example, in both Figures 22 and 23, the all soilage ration 
line, the 140 day iso-time curve and the 2:1 ration line 
depict the boundary lines for the 140 day feeding period. 
Time relationships 
Equations that express the total time required to consume 
various quantities of soilage and corn may be derived from 
the overall soilage consumptions functions. Thus, the over­
all time equations for the stilbestrol and non-stilbestrol 
rations as derived from the two overall soilage consumption 
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equations, 35 and 36, are as follows: 
I. With stilbestrol 
(39) T = -558.36128626 + .057819480 
+ 6.7475645 (6,847.57044400 - .00000523C2 
- .827679190 - -26107315H + .29640324F)1/2 
II. Without stilbestrol 
(40) T = -1,176.48647060 + .007638990 
+ 11.436640 (10,582-22455560 - .00001571C2 
+ .454609220 - 3-07787452H + .17108144F)1^ 2. 
The time equations (i *.e., equations 39 and 40) express 
the total time (T) required to consume a given quantity of 
corn and soilage as a function of the soilage (F) and corn 
(C) fed. Thus, it is possible to predict the time required 
to produce various levels of gain, when different soilage-
corn rations are fed, by substituting into the time equation 
the predicted feed requirements for the various levels of 
gain. Table 24 shows, for a selected number of stilbestrol 
soilage-corn rations, the time required to produce various 
levels of gain.* In all cases, the time required to produce 
a given level of gain decreases as the proportion of corn in 
the ration Increases. Too, the predicted values indicate 
that for a given feeding period the maximum level of gain is 
*The predicted feed requirements for selected stilbestrol 
and non-stilbestrol rations for various levels of gain are 
shown in Tables 8 and 9. 
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Table 24. Predicted total time required to prod uce various levels of gai] 2 for ei ght select 
I temperature is held constant at the overall mean)0' 
100 lbs. srain 200 lbs. gain 300 lbs. g ain 
Selected • Lbs. Lbs. Time Lbs. Lbs. Time Lbs. Lbs. Time 
rations0 corn soilage (days) corn soilage (days) cc-r n soilage (days) 
All soilage 5,152 59.5 
20:1 192 3,834 h'9 • 6 451 9,028 113.1 
15:1 236 3,545 4? .5 539 :,087 105.7 
10:1 309 3,091 44. 2 680 -,799 v^ .o 1,175 11,777 152.4° 
8:1 353 2,625 42.2 765 6,117 90.3 1,2?J 10,22.. 149.0e 
5:1 451 2,256 38.0 >53 4,766 79.8 l,52d 7,639 127.2 
3:1 557 1,672 33.6 1,160 3,450 oy.7 l,/21- 5,463 109.1 
2:1 634 1,266 30.5 1,313 2,626 c2.o 2,04: 4,095 97.5 
a?or each of the feed combinations there would also be fed a certain amount of the supp 
would be fed at the rate of .2 of a pound per day. 
R^ation is the ratio of soilage tc corn.• 
cThe estimated feeding period exceeds the 13o day average feeding period in-the experim 
Table 2>. Predicted total time required te produce various levels of gair for eight selecte 
(temperature is held constant at the overall aean)a 
4-
100 lbs. gain . 200 lbs. g; 'jd.ll 3'-DO lbs. g ain 
Selecte.d Lbs. Lbs. Time Lbs. Lbs. Time Lbs. Lbs. Time 
rations0 corn soilage (days) corn soilage (cays) corn soilage (days) 
All soilage 5,526 52.6' 
20:1 195 3,696 43.7 470 9,401 102.9 
15:1 237 3,556 41.3 559 3,356 96.5 
10:1 303 3,031 39.0 696 6,956 17.8 • 1,474 12,445 159.5= 
8:1 341 2,732 37.4 774 6,190 83.2 1,457 11,898 155.2^  
5:1 422 2,111 34.2 937 4,687 74.4 1,666 8,328 128.9 
3:1 502 1,507 31.0 1,100 3,299 66.6 1,883 . 5,650 111.2 
2:1 556 1,111 29.0 1,203 2,417 0I.7 2,039 4,075 101.5 
aFor each of the feed combinations there would also be fed a certain amount of the suppl 
would be fed at the rate of .2 of a pound per day. 
°The ration is defined as the ratio of soilage to corn. 
cThe estimated feeding period exceeds the 13 ' day average feeding period in the experime 
/els of gai n for ei .ght selec ted stilbestrol soilage-corn rations 
300 lbs. g ;ain 350 lbs. gai .n 400 lbs. gain 
Lbs. Lbs. Time- Lbs. Lbs. Time Lbs.-- Lbs. Time 
! corn soilage i (days) corn scilage (cays) corn soilage (clays 
1,175 11,777 152.4° 
-
1,2?J 10,22-:. i4y.oc 
l,52d 7,639 127.2 i,%55 9,275 154.0e 2,221 11,105 163.9' 
V-21- 5,463 109.1 2,160 6,539 130.5 2,5^ 2 4,6-95 153.1' 
2,04': 4,095 97.5 2,441 4, loi  115.? 2,854 5,709 135.2 
a certain amount of the supplement shown in Table 3. This supplement 
feeding period in-the experiment. 
sis of gair for ei ght selected ncn-stilbestrol scilage-corn rations 
V 
300 lbs. gain 350 lbs. gain 
lbs. Lbs. Tine Lbs. Lbs. Time 
corn soilage (days) corn soilage (days) 
1,474 12,445 152.5c 
1,487 11,898 155.2^ 
1,666 8,32b 128.9 2,354 9,646 159.7° 
1,803 . 5,650 111.2 2,447 7,341 1^ 2.0C 
2,039 4,078 101.5 2,597 5,195 127.1 
a certain amount of the supplement shown in Table 3* This supplement 
'eeding period in the experiment. 
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attained with the heaviest corn ration. Table 25 shows the 
number of days required to produce various levels of gain for 
a selected number of non-stilbestrol rations. 
The average daily rate of gain for various levels of gain 
are presented in Table 26 for a selected number of stilbestrol 
rations. The average daily rate of gain is found by dividing 
total gain by the number of days required to attain this gain. 
For any given level of gain, the average daily gain increases 
as the proportion of corn in the ration increases. For any 
given ration the average daily rate of gain diminishes as the 
beef animal takes on heavier weights. The estimates presented 
in Table 27 are for the non-stilbestrol rations and except 
for the magnitude of the average daily rates of gain they 
follow a pattern similar to those for the stilbestrol rations. 
Time equations for selected rations 
The,overall time equations may be reduced to individual 
time equations for selected rations in the same manner as the 
overall production functions were reduced to individual gain 
equations. These individual time equations for selected 
rations are shown in Tables 28 and 29 for the stilbestrol and 
non-stilbestrol rations, respectively. 
The estimated number of days required to feed various 
quantities of the selected rations are shown in Table 30 for 
the stilbestrol rations and in Table 31 for the non-stil- . 
119 
Table 26. Average daily gains for various levels of gain when 
850 pound good-to-choice feeder steers are fed 
selected stilbestrol soilage-corn rations 
(temperature is held constant at the overall mean) 
Total Average daily rate of gain for 
pounds selected rations:5 (in lbs.) ' 
of All 
gain soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
50 1 .818 2 .101 2. 183 2.336 2 .439 £.688 3.030 3 .333 
100 1 .681 2 .016 ' 2. 105 2.262 2 .370 2.632 2-976 3 .279 
150 1 .472 1 .908 2. Oil 2.183 2 • 297 2.573 2.924 3 .233 
200 1 .768, 1. 892 2.092 £ .215 2.506 2.869 3 .185 
250 1 . 556 1. 739. 1.983, 2 .122, 2.434 2.812 3 .133 
300 1. 568 b 1.847e 2 • 013 2.358, 2.750 3 .077 
350 2.273e 2.684, 3 .020 
400 
-
2.613b 2 .959 
aRation is the ratio of soilage to corn. 
^Indicates a feeding period of more than 1-36 days. See 
Table 24. 
Table 27. Average daily gains for various levels of gain when 
850 pound good-to-choice feeder steers are fed. 
selected non-stilbestrol soilage-corn rations 
(temperature is held constant at the average mean) 
Total Average daily rate of gain for 
pounds selected rations: (in lbs.) 
of All 
gain soilage 20:1 15:1 10:1 8:1 5:1 .3:1 2:1 
50 2.058 2.415 2-513 2-674 2.778 3.030 3-311 3.546 
100 1.901 2.288 2.392 2.564 2.674 2.924 3.226 3.448 
150 1.685 2.140 £ .249 2.435 2.551 2-814 3.119 3.356 
200 1.944, 2.073 2.278 2.404 2.688 3.003 3.241 
250 1.598° 1.806 2.073, 2.218, 2.530 2-867 3.113 
300 1.831° 1.933° 2.327, 2 - 698 2.956 
350 2.192° 2.465° 2.754^ 
400 2.426 
^Ration is the ratio of soilage to corn. 
^Indicates a feeding period of more than 138 days. See 
Table 25. 
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Table 28. Time equations, derived from the overall stil­
bestrol time function, to predict the time requir­
ed for 850 pound good-to-choice feeder steers to 
consume various quantities of selected rations 
Ration5 Prediction equations for time in days 
Ration A 
All soilage 
Ta = -558.36128626 + 6.7475645 (5,847.57044400 
+ .29640324 - .26107315H)1/2 
Ration B Tg 
20:1 
Ration C Tq 
15:1 
Ration D 
10:1 
Ration E 
8:1 
2:1 
% = 
TE = 
Ration F Tp = 
5:1 
-558.36128626 + .00275331 Y g ± 6. 
(6,847.57044400 - .00000001 tfg + 
- .261073155)1/2 
-558.36128626 + .00361372 Yo + 6, 
(6,847.57044400 - .00000002 *2 + 
- .26107315H)1/2 c 
-558.36128626 + .00525632 ÏD + 6. 
(6,847.57044400 - .00000004 + 
- .26107315H)1/2 
-558.36128626 + .00642439 *E ± 6. 
(6,847.57044400 - .00000006 r| + 
- .26107315H)1/2 
-558.36128626 + .00963658 Yp + 6. 
(6,847.57044400 - .00000014 Vp + 
- •26107315H)x/2 
Ration G T& = -558.36128626 + .01445487 Yq. + 6. 
3:1 (6,847.57044400 - .00000033 fg + 
- .26107315H)1/2 
Ration H Tr = -558.36128626 + .01927316 ± 6 
(6,847.57044400 - .00000058 -
- .26107315H)1/2 
,7475645 
.24287550 Yg 
, 7475645 
.22614809 TTC 
7475645 
.19421393 Td 
7475645 
.17150520 TE 
7475645 
.10905617 Yp 
7475645 
.01538263 
7475645 
.07829090Yh 
aRation is the ratio of soilage to corn. 
k denotes total pounds of feed of the particular 
ration. 
/ 
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Table 29. 
Ration8-
Time equations, derived from the overal non-
stilbestrol time function, to predict the time 
required for 850 pound good-to-choice feeder 
steers to consume various quantities of selected 
rations 
Prediction equations for time in days 
Ration A TA 
All soilage 
-1,176.48647060 ± 11.436640 (10,582-22455560 
+ . 17108144 rAb - 3.07787452H)1'2 
Ration 3 TB = -1,176.48647060 + .00036376 Yg + 11.436640 
20:1 (10,582.22455560 - .00000004 Y§ 
+ .18458276 Yg - 3.077874525)1/2 
Ration C Tq = -1,176.48647060 + .00047744 Yq + 11.436640 
(10,582.22455560 - .00000006 Y§ 
+ .18880193 yc - 3.077874525)1/2 
15:1 
Ration D 
10:1 
Ration E 
8:1 
Ration F 
5:1 
Ration G 
3:1 
Ration H 
2:1 
Td = -1,176.48647060 + .00069445 Yq + 11.436640 
(10,582.22455560 - .00000013 Y§ 
+ .19685669 D - 3.07787452H)1/2 
Tg = -1,176.4864706 + .00084878 YE + 11.436640 
(10,582.22455560 - .00000019 Y§ 
+ .202584 53 YE - 3.07787452H) 1/2 
Tf = -1,176.4864706 + .00127317 YF ±_ 11.436640 
(10,-582. *2455560 - . 00000044 Yg 
+ .21833607 Yp - 3.07787452H)1/2 
TQ. = -1,176.4864706 + .00190975 + 11.436640 
(10,582.22455560 - .00000098 Y| 
+ .24196339 Y& - 3.07787452H)l/2 
Th = -1,176.4864706 + .00254633-YH + 11.436640 
(10,582.22455560 - .00000175 Y§ 
+ .26559070 *H - 3.077874525)1/2 
aRation is the ratio of soilage to corn. 
denotes total pounds of feed of the particular 
ration. 
Table 30. Estimated, total time required for 850 pound good-to-choice feeder 
steers to consume various amounts of selected sollage-corn rations 
(with stilbestrol)5 
Pounds Total days13 required to feed various quantities of selected rations:0 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
500 6.0 6.3 6.4 6.6 6.7 7.0 7.5 8.0 
1 000 12.0 12-6 12.8 13.1 13.4 14.1 15.1 16.0 
1 500 17.8 18.8 19.1 19.6 20.0 21.1 22.6 24.0 d 
2 000 23.7 25.0 25.4 26.1 26.7 28.1 30.1 32.0 
2 500 29.4 31.1 31.6 32.6 33.3 35.1 37.6 40.0 
3 000 35.1 37.2 37.8 39.0 39.8 42.0 45.1 47.9 
3 500 40.8 43.3 . 44.0 45.4 46.4 49.0 52.6 55.9 e 
4 000 46.4 49.3 50.2 51.8 53.0 56 . 0 60.1 63.8 
4 500 52.0 55.3 56.3 58.2 59.5 62-9 67.6 71.7 
5 000 57.5 61.2 62.4 64.5 66.0 69.3 75.1 79.6 
5 500 62.9 67.2 68.4 70.8 72.5 76.8 82.5 87.4 
6 000 68.3 73.1 74 . 5 77.1 78.9 83.7 90.0 95.3 f 
6 500 73.7 78.9 80.5 83.4 85.4 90.6 97.5 103.1 
7 000 79.0 84.7 86.4 89.6 91.8 97.5 104.9 110.9 
7 
8 
8 
500 . 
000 
500 
84.3 
89.5 
94.7 
90.5 
96.3 
102.0 
92.4 
98.3 
104-£ 
95.9 
102.1 
108.2 
98.2 
104.6 
111.0 
104.4 
111.2 
118.1 
112.4 
119.8 
127.2 
118.7 
126.4 
134.2 e 
9 000 99.8 107.7 110.1 114.4 117.4 125.0 134.6. 141.9h 
9 
10 
500 
000 
104.9 
110.0 
113.4 
119.0 
115.9 
121.7 
120.5 
126.7 
123.7 
130.0 
131.8, 
138.6" 
142.0% 
149.5 
149.6 
157.3 
10 
11 
500 
000 
115.0 
120.0 
124.6 
130.2 
127.5 
133.2, 
139.0" 
132.8, 
138.8 
136.3 
142-6 
145.5 
152.3 
156.9 
164.3 
165.0 
11 500 125.0 135.8. 
141.3-
144.9 148.9 159.1 
12 000 129.9 144.7 150.9 155.2 165.9 
12 500 '• 134.8. 146.8 150.4 157.0 161.4 
13 000 139.6n 152.3 156.0 163.0 
13 500 144.5 157.7 161.7 
14 
14 
1 K 
000 
500 
nnn 
149.2 
154.0 
1 RO O 
H 
ro 
tv 
9,000 99.8 107.7 110.1 114.4 117.4 125.0 134.6. 
142.0% 
141.9J 
9, 500 104.9 113.4 115.9 120.5 123.7 131.8, 
138.6% 
149.6 
10,000 110.0 119.0 121.7 126.7 130.0 149.5 157.3 
10,500 
11,000 
115.0 
120.0 
124.6 
130.2 
127.5 
133.2. 
139.0% 
132.8, 
138.8% 
136.3% 
142-6 
145.5 
152.3 
156.9 
164.3 
165.0 
11,500 - 125.0 135.8. 
141.3-
144.9 148.9 159.1 
12,000 129.9 144.7 150.9 155.2 165.9 
12,500 '• 134.8. 146.8 150.4 157.0 161.4 
13,000 139.6% 152.3 156.0 163.0 
13,500 144.5 157.7 161.7 
14,000 
14,500 
15,000 
149.2 
154.0 
158.7 
^Temperature is held constant at the overall mean. 
^All values are derived from the equations in Table 28. 
QRation is the ratio of soilage to corn. 
&The horizontal line indicates 100 lbs. of gain ( see Table 11) 
©The horizontal line indicates 200 lbs. of gain ( see Table 11) 
**The horizontal line indicates 300 lbs. of gain ( see Table 11) 
SThe horizontal line indicates 400 lbs. of gain (see Table 11) 
^Indicates a feeding period of more than 136 days. 
Table 31. Estimated total time required for 850 pound good-to-choice feeder 
steers to consume various amounts of selected soilage-corn rations 
(without stilbestrol)0-
Pounds Total days^ required to feed various quantities of selected rations:0 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4,500 
5,000 
5,500 
6,000 
6,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 
10,000 
10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,0b0 
14,500 
i n non 
4.9 
9.7 
14.5 
19.3 
24.1 
28.8 
33.6 
38.3 
43.0 
47.7 
52.3 
57.0 
61.6 
66 .2  
70.8 
75.4 
80.0  
84.5 
89.1 
93.6 
98.1 
102.6 
107.0 
111.5 
115.9 
120.4 
124.8 
129.2 
133.5 
1 39 . Q 
5.4 
10.8 
16.2 
21.5 
26.9 
32.2 
37.4 
42.7 
47.9 
53.2 
58.4 
63.5 
68.7 
73.8 
78.9 
84.0 
89.1 
94.1 
99.2 
104.2 
109.2 
•114.2 
119.1 
124 .1 
129.0 
133.9, 
138.8 
143 .7 
148.5 
1 .  A 
5.6 
11.2 
16.7 
22.2  
27.7 
33.2 
38.6 
44.1 
49.5 
54.9 
60.2  
65.5 
70.9 
76.1 
81.4 
86.7 
91.9 
97.1 
102.3 
107.4 
112.6 
117.7 
122.8 
127.9 
133.0 
138.0, 
143.0h 
148.0 
153.0 
i F>o n 
5.9 
11.8 
17.7 
23.6 
29.4 
35.2 
40.9 
46.7 
52.4 
58.1 
63.7 
69.3 
75.0 
80.5 
86.1 
91.6 
97.1 
102.6 
108.1 
113.5 
118.9 
124.3 
129.7 
135.0, 
140.4r 
145.7 
150.9 
156.2 
6 . 2  
12.3 
18.4 
24.5 
30.5 
36.6 
42.5 
48.5 
54.4 
60.3 
6 6 . 2  
72.0 
77.8 
83.6 
89.4 
95.1 
100.8 
106.5 
112.1 
117.7 
123.3 
126.9 
134.5. 
140.0% 
145.5 
150.9 
156.4 
6.8 
13.6 
20.4 
27.1 
33.7 
40.3 
46.9 
53.5 
60 .0  
65.4 
72.8 
79.2 
85.6 
91.9 
98.2 
104.4 
110.6 
116.8 
122.9 
129.0 , 
135 .1 
141.1% 
147.1 
153.1 
159.0 
15.6 
30.9 
38.4 
60.7 
68.1 
75.3 
82.5 
89.7 
96.8 
103.8 
110.8 
117.7 
124.6 
131.4 
138,2% 
144.9 
151.6 
158.2 
164 .8 
17.5 
26.1 d 
34.6 
43.1 
67.8 
75.9 
99.7 
107.4 
115.1 
122.7 g 
130.2 
137.7, 
145.1% 
152.4 
159.6 1 
166.8 
±U,uuu MO . o •LUtt . C JLUY.1 JLJLO . D iiY.y x^y.u . j.44.y ioy .6 
10,500 
11,000 
98.1 
102.6 
109.2 
114.2 
112.6 
117.7 
118.9 
124.3 
123.3 
126.9 
135.1 
141.1% 
151.6 
158.2 
166.8 
11,500 
12,000 
12,500 
107.0 
111.5 
115.9 
119.1 
124.1 
129.0 
122.8 
127.9 
133.0 
129.7 
135.0, 
140.4% 
134.5 
140.0% 
145.5 
147.1 
153.1 
159.0 
164.8 
13,000 120.4 133.9, 
138.8% 
143.7 
148.5 
138.0, 
143.0% 
148.0 
153.0 
145.7 150.9 ' 
13,500 
14,O6O 
14,500 
124.8 
129.2 
133.5 
150.9 
' 156.2 
156.4 
15,000 
15,500 
137.9 
14B.3^ 
153.4 
158.2 
158.0 
16,000 
16,500 
146.6 
150.9 
17,000 155.2 
^Temperature is held constant at the overall mean. 
Will values are derived from the" equations in Table 29. 
°Ration is the ratio of soilage to corn. 
&The horizontal line indicates 100 pounds of gain (see Table 13). 
©The horizontal line indicates 200 pounds of gain (see Table 13). 
^The horizontal line indicates 300 pounds of gain (see Table 13). 
SThe horizontal line indicates 350 pounds of gain (see Table 13). 
^Indicates a feeding period of more than 136 days. 
*The horizontal line indicates 400 pounds of gain (see Table 13). 
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-bestrol rations. The predicted values show that the time 
required to consume any given quantity of feed Increases as 
the proportion of corn in the ration Increases. For example, 
in Table 30, 5,000 pounds of the all soilage ration will be 
consumed by a feeder steer in 57.5 days, whereas, 61.2 days 
are required to consume 5,000 pounds of a 20:1 ration, 62.4 
days for a 15:1 ration, 64.5 days for a 10:1 ration, etc. 
Since fresh chopped pasture forage has a very high mois­
ture content and is highly palatable, a feeder steer is able 
to consume and digest, in any given time period, larger quan­
tities of the all soilage ration than rations that contain 
successively greater proportions of corn which has a rela­
tively low moisture content. Even though a feeder steer will 
consume greater quantities of the all soilage ration than 
rations that contain successively greater proportions of corn, 
the total digestible nutrient intake will be less for the all 
soilage ration than for rations containing successively great­
er proportions of corn. This relationship is implied when 
Tables 12 and 30, for the stilbestrol rations, and Tables 13 
and.31, for the non-stilbestrol rations, are compared. In 
Tables 12 and 13 time lines have been drawn across the various 
ration columns to indicate feeding periods of equal length. 
Thus, Tables 12 and 30 and Tables 13 and 31, for the stil­
bestrol and non-stilbestrol rations, show that, for any given 
time period, total gains are greater for the heavier corn 
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rations. Furthermore, this greater gain is attained by feed­
ing less total pounds of feed than was fed for any other 
ration for the same period of time. 
The average daily gains from feeding various quantities 
of selected rations are shown in Table 32 for the stilbestrol 
rations and in Table 33 for the non-stilbestrol rations. The 
average daily gains are found by dividing the predicted total 
*gain by the predicted time required to attain this gain. The 
average daily gains in Table 32, for the stilbestrol rations, 
are found by dividing the predicted total gains in Table 12 
by the corresponding predicted total time in Table 30. The 
average daily gains for the non-stilbestrol rations are 
shown in Table 33 and are derived in a similar manner by 
dividing the total gains in Table 13 by the corresponding 
total time in Table 31. The average daily gains, for example, 
in Table 32, increase for any given level of feed consumption 
as the proportion of corn in the ration increases. However, 
for any given ration, the average daily gain decreases as 
the quantity of feed fed increases. These results are ex­
pected, since for any one ration a decrease in the dally gain, 
as greater quantities of feed are fed, is consistent with 
diminishing returns to feed. 
Tables 34 and 35 are included to show for selected 
rations the predicted quantities of corn' and soilage that 
would be fed and the associated gains for various feeding 
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Table 32. Average dally gains from feeding various quantities 
of selected soilage-corn rations to 850 pound good-
to-choice feeder steers (with stilbestrol)a 
Pounds Average dally gains in pounds for selected rations 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
500 1.90 2.16 2.23 2.38 2.48 2.74 3.08 3.36 
1,000 1.87 2.13 2.21 2.37 2.46 2.70 3.03 3.34 
1,500 1.86 2.12 2.20 2.35 2-44 2-68 3.01 3.31 
2,000 1.83 2.10 2-18 2.33 2.41 2-66 2-99 3.28 
2,500 1.81 2.08 2-16 2.30 2.39 2.64 2.97 3.25 
3,000 1.79 2-06 2.14 2.28 2-36 2-62 2.95 3.23 
3,500 1.76 2.04 2.12 2.26 2-36 2.50 2.92 3.20 
4,000 1.74 2.02 2-10 2.24 2.33 2.58 2.90 3.18 
4,500 1.71 1.99 2.07 2.22 2-31 2.56 2.88 3.16 
5,000 1.69 1.98 2.05 2-20 2.29 2.54 2.85 3.13 
5,500 1.67 1.95 2.03 2-18 2.27 2.51 2.83 3.11 
6,000 1.64 1.93 2.01 2.16 2.25 2.49 2.81 3.08 
6,500 1.61 1.S1 1.99 2.13 2.23 2.47 2.78 3.06 
7,000 1.59 1.88 1.97 2.11 2.21 2.45 2.76 3.04 
7,500 1.56 1.86 1.94 2.09 2-19 2.43 ,2.74 3.01 
8,000 1.54 1.84 1.92 2.07 2-17 2.41 2.72 2.99 
8,500 1.51 1.81 1.90 2.05 2.15 2.39 2.69 2.96 
9,000 1.48 1.79 1.87 2.03 2.12 2.36 2.67 2.94° 
9,500 1.46 1.77 1.85 2.00 2.10 2.34 2.65° 2-91 
10,000 1.43 1.74 1.83 1.98 2.08 2.32° 2.62 2.89 
10,500 1.40 1.72 . 1.81 1.96 2.06° 2.30 2-60 2.86 
11,000 1.37 1.69 1.78 1.94° 2.04 2.28 2.58 
11,500 1.34 1.67 1.76° 1.91 2.01 2.26 
12,000 1.31 1.64° 1.73 1.89 1.99 2.23 
12,500 1.28 1.62 1.71 1.87 1.97 
13,000 1.25° 1.59 1.69 1.84 
13,500 1.22 1.57 1.66 
14,000 1.19 
14,500 1.16 -
15,000 ,1.13 
aTemperature is held constant at the overall mean. 
^Ration is the ratio of soilage to corn. 
^Indicates a feeding period of more than 136 days. See 
Table 30. 
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Table 33. Average daily gains from feeding various quantities 
of selected soilage-corn rations to 850 pound good-
to-choice feeder steers (without stilbestrol)5 
Pounds Average dally gains in pounds for selected rations 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
500 2.14 2-50 2.59 2.76 2.82 3.02 3.36 3.57 
1 000 2.13 2.47 2.54 2.72 2.81 3.04 3.31 3.52 
1 500 2.11 2-44 2.53 2.68 2.78 3.00 3.26 3.47 
2 000 2.09 ' 2.41 2.50 2.64 2.74 2.96 3.22 3.42 
2 500 2.06 2.38 2.47 2.61 2.71 2.93 3.18 3.36 
3 000 2.04 2.35 2.44 2.58 2.67 2.90 3.14 3.31 
3 500 2.01 2.33 2.41 2.55 2.64 2.86 3.09 3.25 
4 000 1.98 2.30 2.38 2.52 2.61 2.81 3.04 3.20 
4 500 1.96 2.27 2.35 2.49 2.58 2.77 2.99 3.14 
5 000 1.93 2.23 2.32 2.45 2.54 2.74 2.95 3.09 
5 500 1.90 2.21 2.29 2.42 2.51 2-70 2.90 3.03 
6 000 1.88 2.18 2.26 2.39 2.47 2-66 2.85 2.97 
6 500 1.85 2.15 2.22 2.35 2.44 2.62 2.80 2.91 
7 000 1.82 2.12 2.20 2.32 2.40 2.58 2.75 2.85 
7 500 1.80 2.09 2.16 2.29 2.36 2.53 2.70 2.79 
. 6 000 1.77 2.06 2.13 2.26 2.33 2.49 2.65 2.73 
8 500 1.74 2.03 2.10 2.22 2.29 2-45 2.60 2.67 
. 9 .000 1.71 2.00 2.07 2.19 2.26 2.41 2.55 2.60P 
9 500 1.68 1.97 2.04 2,15 2.22 2.37 2.49° 2.54 
10 000 1.66 1.94 2.01 2-12 2.19 2.33 2.44 2.47 
10 500 1.63 1.90 1.97 2.08 2.15 2.28 2.39 2.41 
11 000 1.60 1.87 1.94 2.05 2.71 2.24° 2.33 
11 500 1.57 1.84 1.91 2.01 2.07 2-20 2.28 
12 000 1.55 1.81 1.87 1.98 2.04 2.15 
12 500 1.52 1.78 1.84 1.94° 2.00 2.11 
13 000 1.49 1.75 1.81 1.91 1.96 
13 500 1.46" 1.72° 1.78° 1.87 1.92 
14 000 1.43 1.68 1.74 1.84 
14 500 1.40 1.65 1.71 
15 000 1.37 1.62 1.68 
15 500 1.34° 1.59 
16 000 1.32 
16 500 ' 1.29 
17 000 1.26 
^Temperature is held constent at the overall mean. 
^Ration is the ratio of soilage to corn. 
^Indicates a feeding period of more than 138 days. See 
Table 31. 
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Table 34. Estimated Quantities of corn and soil age3 that would 03 fed and the ny ,'d: Let 
intervals temperature is held consta nt .at the overall r: .5 an ) 
30 days 60 days yO days 
Lbs. Lbs. Lbs. Lbs. Lbs. L, OS. Lbs. LO S . 
Ration0 com3 s.oilage" gaine corn soilage gain corn s •: ila[' ; 
J0.1 soilage 2,549 40.0 5,232 100.8 5,o4() 13-. 
20:1 116 2,322 63.2 236 4,716 lly.fi 35/ 7,100 loi 
15:1 150 2,246 op.o 304 4,555 125.0 461 :,yiy 17' 
10:1 212 2,115 70.1 427 4,270 13-;. 2 646 6,463 1.'" 
• 8:1 253 . 2,026 73.C 510 4,0^ 2 140.3 771 6,166 20] 
5:1 361 1,603 ?0.7 723 3,617 155.7 1,059 -'•ii 221 
3:1 5olt 1,513 yo.B 1,010 3,031 175.y 1,513 4,554 25: 
2:1 632 1,264 99.7 1,269 2,53-3 1>3.% 3,912 3,o2% 2-,'e 
aFor each of the feed combinatio s there would'also be fed a certain amount of the 
of a pound per day. 
R^ation is the ratio of soilage to corn. 
D^erived from equation 4l. 
ï^ne ell soilage value was derived from equation 35, all cth-r.-r values Here d .irived 
D^erived from equation 19. 
/ 
::e p:1 -dieted beef gains for eight selected stilbestrcl rations for six different feeding 
3 days 120 c ays 130 days IliO days 
Lbs. Lbs. Lbs. .l: s. Lbs. Lbs. i_.CS. LOS. LOS. Lbs. Lbs. 
•.ils£2 _'£ir: corn soilage gain corn soilage gain corn soilage gain 
13o.l 10,y97 164.5 12,010 170.6 13,037 175.2 
',160 loy.l W6 y,?i3 210.1 529 10,572 221.> 572 11,439 232.6 
:,yiy 17'; «3 623 y,33? 222.0 677 10,15b 235-1 732 10,903 247.3 
i,L63 1/1.' 66y J,622 2^2.7 9Uk ;,ùk3 253.0 1,020 10,198 272.5 
),166 201.4 1,035 ,276 256.0 1,123 3,/-6 272.7 1,212 9,698 238.7 
' • 11 
>} Li Liu 225.0 1,456 7,201 206.1; 1,579 7,896 306.2 1,703 8,513 327.3 
r,35^ 256.1 2,02o o,0o3 320.2 2,198 &,5yk 352.5 2,369 7,106 375.2 
>,o2A| 2,2.2 2,561 5,122 3bi;.c 2,77% 5,55; 35-1.1 2,997 5,995. ltlo.7 
unt ox the suppl ornent shewn in Table 3« Tnis supplement : vould be fed at th e rate of .2 
re derived from equation 26. 
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Table 35» • Estimated quantities of corn and scilagea that would be fed and' the predicted 
feeding intervals (temperature is held constant at the overall F=ean) 
30 days 60 days 90 days 
. lbs. Lbs. , Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
Ration cornc soilage0 gain6 corn soilage gain corn s<- ila~e gaii 
All soilage 3,125 60.y 6,326 111.6 ,605 151. 
20:1 . 134 2,66? 71.6 272 5,44l 132.? 413 S,257 133. 
15:1 171 2,563 74.3 345 5,137 13:5.4 525 7,373 191. 
10:1 234 2,344 75.1 475. 4,746 147.5 721 7,207 20$. 
8:1 275 2,203 32.1 53-' 4,463 153.% o47 6,77V 214. 
5:1 . 374 1,863 69. j 75^ 3,7b8 167. y 1,153 5,763 234. 
3:1 4 90 1,471 y?*u 2,991 164.3 1,520 4,561 2>b. 
2:1 551 1,163 104.3 119 2,370 196.0 1,512 3,525 275.' 
a?or each of the feed combinations there would àLsc be fed a certain amount of tie : 
of a pound per day. 
°Ration is the ratio of soilage to com. 
^Derived from equation h2. 
^The all soilage value was derived frorr, equation 3-j all other values wero. derived : 
^Derived from equation 20. 
the predicted beef gains for eight selected r.cn-stilbestrol rations for six different 
e an) 
90 days 120 days 130 days 11;0 days 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
S'- ila~e gain corn soilage gain corn scilage gain corn soilage gain 
.,605 151.2 — —  12,960 176.V l4,oy6 185.3 — —  15,240 190.3 
8,257 133-2 557 11,13; 221.5 606 12,112 231.5 655 13,094 240.0 
7 ,373  lyl.3 •700 10,621 232.3 770 11,550 243.1 832 12,467 252.5 
7,207 205.3 972 V,726 250.0 l,0^c 10,579 252.6 1,144 11,436 273.5 
6,77V 214.1 1,144 .,153 262.0 1,245 9,957 275.1 1,346 10,768 286.6 
5,763 234.6 1,558 7,792 2:3.3 1, 6;:6 8,461 303.1 1,032 9,176 316.3 
4,561 25b.1 2,061 6,164 317.7 2,24o 6,737 334.2 2,432 7,295 348.9 
3,625 275.7 2,464 4,92V 339.3 2,68? 5,347 356.6 2,914 5,827 372.2 
mount of tie supplement shown in Table 3« This supplement wculd be fed at the rate of .2 
wero.derived from equation 26. 
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cussed above: 
II. Without stilbestrol 
(42) C = 5,640.651186 + l,630.0oC + 1.08874220T 
+ 1,630.0 [(-3,4605222 - oC _ .00066794T)2 
- .03887249T - .00001616T2 - .00679832Ë] 
Tables 36 and 37 are presented to show the estimated 
feeding periods for the various possible feed combinations 
presented earlier in Tables 6 and 7, respectively. These 
estimated feeding periods in Tables 36 and 37 have been used 
in Tables 6 and 7, respectively, as a basis for designating 
the relevant marginal rates of substitution. 
Table 36. Predicted feeding time for various possible feeding combinations8, 
for various levels of gain - with stilbestrol (temperature held 
constant at thé overall mean) 
100 lbs.. gain 200 lbs. gain 300 lbs, gain 550 lbs, gain 400 lbs, gain 
. No• No. No. No. No. 
Lbs. Lbs. of Lbs. of Lbs. of Lbs. of Lbs. of 
corn soilageb days0 soilage days soilage days soilage days soilage days 
0 5,182 59.5 
100 4,456 54.2 ' 
200 3,780 49.2 ' 13,506 150.7* 
300 3,147 44.6 11,12? 130.3 
400 2,550 40.2 9,652 118.2 
500 1,984 35.9 8,490 108.9 
600 . 1,447 31.8 7,503 101.1 
700 933e 27.9 6,632 94.3 
800 5,846 88.2 
900 5,126 82.6 
1,000 4,459 77.4 
1,100 3,836 72-5 13,732 180.0d 
1,200 3,260 67.9 11,382 158.9% 
1,300 2,.696 63.4 9,954 146.6* 
1,400 2,170e 59.1 8,832 137.2* 
1,500 7,882 129.3 
1,600 . x 7,045 122.3 13,192 189.0* 
1,700 6,291 116.1 11,201 170.9^ 
1,800 5,601 110.3 9,879 159.3* 
1,900 4,962 104.9 8,822 150.1% 
2,000 4,366 99.8 7,918 142.3d 
2,100 3,806e 95.0 7,118 135.5 13,431 205.6a 
2,200 6,396 129.2 11,412 186.7} 
2,300 5,733 123.4 10,103 174.8* 
2,400 5,119 118.0 9,063 165.4* 
2,500 4,545 112.9 8,176 157.5* 
2,600 7,393 150.5* 
2,700 6,687 144.1* 
2,800 6,040 138.2* 
900 5,441e 132.7 
aFor each of the feed combinations there would also be fed a certain amount 
of the supplement shown in Table 3 fed at the rate of .2 of a pound per day. 
600 
700 
800 
900 
1, 000 
1, 100 
1, 200 
1, 300 
1, 400 
1, 500 
1, 600 
1, 700 
1, BOO 
1, 900 
2, 000 
2, 100 
2, 200 
2, 300 
2, 400 
2, 500 
2, 600 
2, 700 
2, 800 
900 
1,447 
933e 
31.8 
27.9 
7,503 
6,63% 
5,846 
5,126 
4,459 
3,836 
3, 260 
2,.696 
2,170e 
101.1 
94.3 
88.2 
82.6 
77.4 
72-5 
67.9 
63.4 
59.1 
13,732 
11,382 
9,954 
8,832 
7,882 
7,045 
6,291 
5,601 
4,962 
4,366 
3,806e 
180.0& 
158.9^ 
146.6* 
137.2d 
129.3 
122.3 
116.1 
110.3 
104.9 
99.8 
95.0 
13,192 
11,201 
9,879 
8,822 
7,918 
7.118 
6,396 
5,733 
5.119 
4,545 
189.Od 
170 .93 
159.3% 
150.1* 
142.3* 
135.5 
129.2 
123.4 
118.0 
112.9 
13,431 
11,412 
10,103 
9,063 
8,176 
7,393 
6,687 
6,040 
5,441e 
205.6* 
186.7* 
174.8* 
165.4* 
157.5* 
150.5& 
144.1* 
138.2* 
132. 7 
aFor each of the feed combinations there would also be fed a certain amount 
of the supplement shown in Table 3 fed at the rate of .2 of a pound per day. 
°Derived from equation 21. 
^Derived from equation 39. 
dThe estimated feeding period exceeds the 136 day average feeding period in 
the experiment. 
eThe feed combination at this point exceeds the 2:1 ration and, hence, lies 
outside the limits of the experiment. 
Table 37. Predicted feeding time for various possible feeding combinations® 
for various levels of gain - without stllbestrol (temperature held 
constant at the overall mean) 
100 lbs. gain 200 lbs. gain 300 lbs. ealn 350 lbs. ealn 
No. No. No. No. 
Lbs. Lbs. of Lbs. of Lbs. of Lbs. of 
corn soilage" days0 soilage days soilage - days soilage days 
0 5,526 52.6 17,773 161.9* 
100 4,677 47.9 15,441 144.8e1 
200 3,854 43.4 13,236 128.6 
300 3,056 39.2 11,623 117.5 
400 2,280 35.1 10,262 108.5 
500 1,524 31.1 9,051 100.7 
600 • 786e 27.3 7,943 93.8 
700 6,912 87.5 
800 5,941 81.7. 
900 5,020 76.4 
000 4,140 71.3 
100 3,296 66.6 
200 2,482 62.1 
300 1,696e 57.8 
1,400 
1,500 11,488 151.90 
1,600 9,350 136.1 
1,700 7,847 125.6 
1,800 6,589 117.3 
1,900 5,474 . 110.1 
2,000 4,456 103.8 
2,100 3,510e 98.1 
8,200 
2,300 ; 
2,400 8,266 148.9e 
2,500 6,492 136.0 
.2,600 5,161e 126.9 
aFor each of the feed combinations there would also be fed a certain amount 
bUU 
900 
1,000 
1,100 
1,200 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
•2,600 
5,941 
5,020 
4,140 
3,296 
2,482. 
1,696e 
81.7. 
76.4 
71.3 
6 6 . 6  
62.1 
57.8 
11,488 151. 9d 
9,350 136. 1 
7,847 125. 6 
6,589 117. 3 
5,474 . 110. 1 
4,456 103. 8 
3,510e 98. 1 
8,266 
6,492 
5,161 
148.9 
136.0 
e 126.9 
aFor each of the feed combinations there would also be fed a certain amount 
of the supplement shown in Table 3 fed at the rate of .2 of a pound per day. 
^Derived from equation 22. 
^Derived from equation 40. 
aThe estimated feeding period.exceeds the 138 day average feeding period of 
the experiment. 
eThe feed combination at this point exceeds the 2:1 ration and, hence, lies 
outside the limits of the experiment. 
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GRADE FUNCTION 
In the previous sections, the analysis has dealt with 
how feed resources (corn and soilage) may be combined to 
produce various levels of beef gain and the expected beef 
gains for feeding periods of various length. Very little 
consideration was given to the "quality" (grade) of the beef 
steers when fed different soilage-corn rations for various 
length feeding periods. The central point in this section 
will be to estimate beef grades for beef steers fed differ­
ent soilage-corn rations. Once a functional relationship has 
been determined between beef grades and feed inputs it will 
be possible to construct iso-grade contours and to derive the 
marginal rates of substitution of corn for soilage in produc­
ing a given grade of beef. 
The procedure that was adopted was to estimate the func­
tional relationship, Grade = g(pounds of corn fed, pounds of 
soilage fed). However, in order to estimate this functional 
relationship it was necessary to code the beef grades which 
were measured in the usual subjective terms such as high 
standard, average good, low choice, etc. The various beef 
steer grades were coded by using a 10 year average yearly 
market price of the various slaughter steer grades. Specif­
ically, the yearly average prices for the various grades of 
slaughter steers at the Chicago market for the 10 year period, 
1951-1960, were listed and then the 10 year average price 
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for each of the separate grades was determined (56). The 
10 year average yearly price for each beef steer grade was 
considered to be the value of the average grade of that par­
ticular grade. For example, if the 10 year average yearly 
price for good steers at the Chicago market was $20.00, then 
this price was considered to be the value for average good 
steers. The high and low grade values for each grade were 
then determined by making a linear interpolation between the 
average grade values for the different grades. The grade 
index that was used to code the subjective grade terms is 
shown in Table 38. The computed range on each of the various 
beef grades is shown in Table 39. 
-After the observed subjective grade terms had been coded 
with numerical values, then for each lot of steers, the grade 
value of the steers at the beginning of the feeding experi­
ment was subtracted from each of the observed grade values. 
This procedure gave a grade series in terms of the change in 
beef grade.since the beginning of the feeding period. A 
quadratic function was then used to express the functional 
relationship between the change in beef grade (Q1) and the 
consumption of various quantities of the two feeds — corn (C) 
and soilage (F). This relationship was estimated for both 
the stllbestrol and non-stilbestrol rations. The overall* 
*Since only two grade observations were made in 1957, the 
estimated grade functions are based only on the combined feed­
ing periods of 1958 and 1959. Hence, "overall" refers to the 
..combined feeding periods of 1958 and 1959 at any one location. 
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Table 38. An index for coding market grades of slaughter 
steers8-
Slaughter steer grades Numerical code 
High 29.53 
Prime: Average 28.87 
Low 28.21 
High 27.55 
Choice: Average 26.87 
Low 26.13 
High 25.38 
Good: Average 24.64 
Low 23.70 
High 22.75 
Standard: Average 21.81 
Low 20.93 
High 20.04 
Utility: Average 19.16 
Low 18.28 
aThe numerical coding value for the average grade of 
each particular slaughter grade is the 10 year, 1951-1960, 
average yearly price for that grade of slaughter steers at 
Chicago (56). The coding values for the high and low grades 
of each particular slaughter grade sre obtained by making a 
linear interpolation between the average values of each of 
the particular slaughter grades. 
equations for estimating the change in grade of beef steers 
since the beginning of the feeding period for the stllbestrol 
and non-stllbestrol rations are: 
I. With stllbestrol 
(43) Q1 = .0024655079C + .0000220680? - .000000351OC2 
II. Without stllbestrol 
(44) Q1 = .00162941780 + .0000270836F - .0000000330C2. 
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Table 39. The range on the Index values for market grades of 
slaughter steers8-
Slaughter steer Range of coded values for 
grades subjective slaughter steer grades 
Prime: 
29.20 ^  
28.54 ^  
27.87 ^  
High Prime 
Average Prime 
Low Prime A 
A
 
29.20 
28.54 
Choice: 
27.21 
26.50 ^  
25.75 ^  
High Choice 
Average Choice 
Low Choice 
< 
< 
< 
27.87 
27.21 
26.50 
Good: 
25.01 ^  
24.17 ^  
23.22 ^  
High Good 
Average Good 
Low Good 
< 
< 
< 
25.75 
25.01 
24.17 
Standard: 
22.28 <1 
21.37^ 
20.48 ^  
High Standard < 23.22 
Average Standard •< 22.28 
Low Standard < 21.37 
Utility: 
19.60 ^  
18.72 ^  
High Utility 
Average Utility 
Low Utility 
< 20.48 
< 19.60 
< 18.72 
aThe range of coded values for each subjective slaughter 
steer grade was obtained by making a linear interpolation 
between each of the grade values in Table 38. 
In the above équations, C is the total intake of corn in 
pounds measured from the beginning of the feeding period to 
each particular observation period when an observation was 
made on grade. The feeder steers were first graded* at the 
*In 1958, the feeder steers were graded at the beginning 
of the feeding experiment on both a feeder and slaughter 
steer basis- However, in 1959 the feeder steers were graded 
at the beginning of the feeding experiment on only a feeder 
basis. In order to construct a (continued on next page) 
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beginning of the feeding period. The next two grade observa­
tions were made at six week intervals, after which the beef 
steers were graded every.21 days until the end of the feeding 
experiment. F is total pounds of soilage intake measured in 
the same manner as was corn. is the change in grade of 
the beef steer since the beginning of the feeding experiment. 
The coefficient of determination, standard errors and the 
"t" values for the overall stllbestrol and non-stllbestrol 
grade functions are presented in Tables 40 and 41, respec­
tively. The coefficient of determination is .9066 for the 
stllbestrol function and .8420 for the non-stllbestrol func­
tion. Certain of the variables in both the stllbestrol and 
non-stllbestrol functions are acceptable only at a very low 
level of probability, nevertheless, these variables have been 
retained In the function since they appear to be consistent 
with nutrition and production logic. 
If a constant term is added to the change in grade func­
tions (i.e., equations 43 and 44) and if this constant term 
represents the grade of the beef steers at the beginning of 
(Continued from previous page) grade surface it is necessary 
that the beef grades all bé on the same basis. Therefore, it 
was necessary to convert the first grade observations in 1959 
from a feeder basis to a slaughter basis. The 1958 data 
where the feeder steers were graded at the beginning of the 
feeding experiment on both a feeder and slaughter steer basis 
was used as a basis for converting the first grade observa­
tions in 1959 from a feeder to a slaughter basis. Thereafter, 
only the grade observations that were on a slaughter basis 
were used to determine the beef grade surface. 
/ 
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Table 40. Coefficient of determination, standard errors and 
"t11 values for the overall stllbestrol grade 
function (equation 43) 
R2 
Independent 
variable 
Standard 
error of 
regression 
coefficient 
ii- ii 
value 
Level of 
significance 
.9066 C .0002031230 12.138 p < .001 
F .0000128474 1.718 .05 < p < .10 
C2 .0000000928 3.782 p < .001 
Table 41. Coefficient of determination, standard errors and 
11111 values for the overall non-stllbestrol grade 
function (equation 44) 
R2 
Independent 
variable 
Standard 
error of 
regression 
coefficient 
ut" 
value 
Level of 
significance 
.8420 C . .0002638487 6.176 p < .001 
F .0000152410 1.777 .05 < p < .10 
c2  .0000000330 .266 p > .50 
the feeding period, then the equations with the constant term 
added can be used to predict the slaughter grade of good-to-
choice feeder steers after being fed various quantities of 
corn and soilage. The predicted grade values can then be 
interpreted in subjective grade terms with the aid of Table 
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39. 
The overall average grade value of the beef steers at the 
beginning of the feeding experiment was 21.67. When this 
value of 21.67 is used as the constant term in equations 43 
and 44, then the overall grade functions (Q) for the stll­
bestrol and the non-stllbestrol rations can be written as: 
I. With stllbestrol 
(45) Q, = 21.67 + .00246550790 + .00002260680F 
- .0000003510C2 
II. Without stllbestrol 
(46) ft = 21.67 + .00162941780 + .0000270836F 
- .0000000330C2 
where Q, is the predicted slaughter grade which can be Inter­
preted in subjective grade terms with the use of Table 39. 
Iso-grade Contours 
The beef iso-grade equations can be derived for the stll­
bestrol and non-stllbestrol rations from the two overall grade 
equations 45 and 46, respectively. The beef iso-grade equa­
tions are: 
I. With stllbestrol 
(a-V) v - ft - 21.67 - .00246550790 + .0000003510C2 
v 
' .0000220680 
II- Without stllbestrol 
(A.a\ tt Q ~ 21.67 - .0016294178C + .0000000330C2 
l*0' * " .0000270836 
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The Iso-grade equations can be used to determine the iso-
grade contours thst specify the vrrious quantities of corn and 
soilage required to attain a given grade of beef. The"slope 
of the iso-grade contours is the substitution rate between 
the two feeds in the production of a given grade of beef.. The 
equations for predicting the marginal rate of substitution of 
corn for soilage in the production of a given grade of beef 
can ce obtained from the iso-grade equations by taking the 
partial derivative of soilage with respect to corn. The 
equations for predicting the marginal rates of substitution 
of corn for soilage in the production of a given grade of 
beef•are : 
I. with stllbestrol 
z40x d F .00246 55079 - .0000007020C 
^ ;  ' ac " .0000220680 
II. Without stllbestrol 
'( snV dZ - .0016294178 - .00000066PC K  1  d C  ~  .0000270836 
Beef iso-grade schedules end the marginal rates of sub­
stitution associated with them have been derived for the fol­
lowing beef grades : high standard, low good, average good, 
high good and low choice., The beef iso-grade schedules and 
associated marginal rates of substitution are presented in 
Tables 42 and 4-3 for the overall stllbestrol and non-stll­
bestrol functions, respectively. The iso-grade schedules have 
been, plotted in Figure 24 for the overall stllbestrol function 
I 
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Table k2. Iso-grade schedules, derived fr'cn the ovrcll stilt r strol grace fitnctj 
combinations3 and marginal rates of substitution of corn for scliage £ 
for 8$0 pound gcod-to-chcice feeder steers (temperature is held const; 
nigh standard^ ] Low Good0 Ave rag: 'Joed" 
Lbs. Lbs. , d?c Lbs. a-' Lbs. 
corn soilage Ration*2 d G soilage lîation dC scilage Ration 
0 
100 
200 27,231e 136.16 105.36 
300 16,W $6.15 102.10 
4OO 6,7# îu.Uy 100.00 
$00 
600 30,uoOC 51.13 :2.63 
700 21,575^ 30.62 3y .46 
800 12,7:9 15.99 36.2: 
i'00 . 4 j 320 li.oO r.3.10 
1,000 
1,100 
1,200 23,llu l/.;:2 
1,300 16,222e 12. U 
1,W0 4,31:4 6.67^ 
1,$00 2,7cL 1.86^ 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 ' ' 
2,200 
2,300 
2,1+00 
2,200 
2,600 
2,700 
2,800 1 
2,900 
3,000 
aFor each of the feed combinations there would alsc be fed a certain amount 
be fed at the rate of .2 of a pound pir day. 
^The nuraerical value of the subjective slaughter grades used in deriving the 
particular grade as shown in Table 3'j. 
c Indicates the marginal rate of substitution of corr. for s filage. 
^Ration is the ratio of soilage to corn. 
^Estimated ti:.:e required to consui,ie this combination of corn and s oil ago exc 
XA11 feed combinations at this point exceed the 2:1 ration and, hence, arj o 
e .vmcvion Iequation h2), showing possible feed 
clls,':e at t'ivu slaughter steer grade levels, 
c constant at the everail moan) 
Z~_2oc6° Kijh Good" Low Choice1,3 
a"-7 Lbs. a_? Les. a? 
:aticn 9C scilcge Ration 9 0 scilage Ration 9 G-
1/.22 73.22 
12.lo 70.37 
6.67. 67.15» 
1.36^ 6L.01 
1U,232 10.30 .1:7 
13,227e 6.y8 21.29 
c,2ti? t.li^ : i'o.ll 
3,636 1.73"" ^.93 
19,132^ 7.36 29.02 
16,352e 6.07 25. Bit 
13,9678 k.99 22.66 
11,360e h.09 19 M 
10,071e 3.36 16.30 
amount of the supplement shown in Table 3. This supplement would 
srin^ the iso-grade schedules is the average value of each 
lagG exceeds the 136 day average feeding period. 
3, arj outside the limits of the experiment. 
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Table h3• Iso-grade schedules, derived from the overall non-stilbestrol grade function ^ 
combinations^ and marginal rates of substitution cf corn for soilage at five s 
850 pound good-to-choice feeder stsers (temperature is held constant at the cv 
High Standard"0 Low C-cod0 •_ voragv Gc od^ 
libs. Lbs. 
?.ation° 
Lbs. 11 Lbs. 5 J 
corn soilage j ac soilage nation 9 3 soilage Nation a c 
0 
100 
200 
300 21,938e 73.13 59.13 
ItOO 16,007 e 10.02 Sl-'.iy 
500 10,100 20.20 - 5'3. yù 
600 1,218 7.03 58.^5 
700 
800 
900 21,795% 2L.22 57.97 
1,000 ' 16,010e 15.01 57.72 
1,100 10,250 9.31 57 
1,200 4,515 3.76 57.23 
1,300 
l,lt00 
1,500 22,161" 14-77 56.50 
1,600 16,523® 10.33 56.26 
1,700 10,90?" t:ii2 56.02 
1,600 5,320 2.96 55.77 
1,900 
2,000 
2,100 
2,200 
2,300 
2,1-00 
2,500 
2,600 . 
2,700 
2,800 
2,900 
3,000 
£?or each cf the fzed combinations there uculd also be fed a certain amount of the si 
would be fed at the rate of .2 of a pound per day. 
^The numerical value cf the subjective slaughter --rades used in deriving the iso-grac 
particular grade shorn in Table 38. 
cIndicates the marginal rate of substitution of corn for soilage* 
^Ration is the ratio of soilage tc corn.' 
eThe estimated ti.e required to consume this combination of corn and soilage exceeds 
1 All feed combinations at this point exceed the 2:1 ration and, hence, arc- outside tl: 
Llbestrcl grade function equation 46), shewing possible feed 
-orn for soilage at five slaughter steer grade levels, for 
Ls held constant at the overall mean) 
J-ycrs;'.' C-ccqk High Good^ 
d? Lbs. 3? 
dG soilage Ration <9 C 
Le:.' Choice*3 
dj Lbs. • 
iation d G scilc.^e Ration 
2,101"™ 1Ù.TT 56.50 
.6,523® 10.33 56.26 
0,y0?" b^2 56.02 
5,320 2.^6 55.77 
21,537' 10.77 55.2b 
•16,021e 7.63 55.0/4 
io,52y® 4.79 54.30 
5,062 2.20 54.55 
21,893; 8.?6 54.06 
16,4^ 6.35 • 53.82 
ll,12S'e 4.12 53.58 
5,783 2.07. 53.33 
462 .16 53.09 
a certain amount -of the supplement shown in Table 3- This'supplement 
d in deriving the iso-grade schedules is the average valae of each 
ilageZ 
corn and scilr.ge exceeds the 138 day average feeding period, 
and, hence, arc- outside the limits cf the experiment. 
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Figure 24. Gain isoquants and iso-grade contours for the 
stllbestrol rations (temperature held constant 
at the overall mean) 
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Figure 25. Gain isoquants and iso-grade contours for the 
non-stilbestrol rations (temperature held 
constant at the overall mean) " ' 
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and in Figure 25 for the overall non-stilbestrol function. 
As mentioned earlier the slope of the iso-grade curves at any 
given point indicates the rate at which corn substitutes for 
soilage in the production of a given grade of beef. The cur­
vature of the Iso-grade curves, as indicated in both Figures 
24 and 25, changes very little, suggesting that the substi­
tution rates between the two feeds in the production of a 
given grade of beef is nearly constant. The iso-grade curves 
in both Figures 24 and 25 are slightly convex to the origin 
indicating that the marginal rates of substitution of corn 
for soilage for any given grade of beef are at a diminishing 
rate. 
By superimposing the gain isoquants over the iso-grade 
curves, It is possible to get some idea of the relationship, 
between the levels of beef gains and beef grades. Figures 
24 and 25 show the predicted gain isoquants superimposed over 
the predicted iso-grade curves for the stllbestrol and non-
stilbestrol rations, respectively. In Figure 24, the average 
good iso-grade contour is represented by a coded numerical 
grade value of 24.64 as shown in Table 38. However, in sub­
jective grade terms the average good grade, as well as all 
other grades, can be thought of as extending over a range of 
numerical values. The average good grade in coded numerical 
values, as shown in Table 39, extends from 24.17 to 25.01. 
Furthermore, the entire grade surface can be broken down into 
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grade "areas" as indicated in Table 39. The average good 
grade in Figure 24, for example, extends both above and below 
the average good iso-grade contour. Therefore, each of the 
iso-grade curves can be thought of as a "wide band" extending 
over the grade surface denoting the various subjective beef 
grade "areas" such as high standard, low good, average good, 
etc. 
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PROFIT MAXIMIZATION 
In the last section an attempt has been made to estimate 
the beef grade surface and iso-grade contours. The procedure 
there was to merely estimate the grade of. slaughter steers 
when fed different soilage-corn rations. No attempt was made, 
however, to estimate the value of the slaughter steers at the 
end of a given feeding period. The purpose of this section 
is 1) to estimate the expected profits from feeding various 
soilage-corn rations for various feeding periods with differ­
ent soilage-corn price conditions, 2) to estimate the optimum 
feeding period for different soilage-corn rations with dif­
ferent soilage-corn price conditions and 3) to estimate the 
optimum soilage-corn ration that will maximize profits for 
different soilage-corn price conditions. 
The price for which beef cattle will sell at the end of 
a given feeding period depends, certeris paribus, upon their 
grade- The higher the beef cattle grade the higher will be 
the selling price (see Figure 26). Thus one of the main 
objects of fattening beef cattle is to improve their grade 
(quality). While the price of beef cattle will vary between 
grades, the price of the different grades will also vary over 
any given feeding period because of seasonal price changes. 
Therefore, the value or the price for which the beef cattle 
will sell at any given time depends upon the grade of the _ 
cattle and the price for that particular grade. 
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Figure 26. Seasonal change in slaughter steer prices at 
Chicago, 1951-1960 average 
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In order to estimate the price for which slaughter 
steers will sell at any given time, the functional relation­
ship that expresses the price of slaughter steers as a func­
tion of the quantity of soilage consumed and time was com­
puted. However, to estimate this functional relationship it 
was necessary to have a price series that represents the. grade 
of the beef steers during the feeding period as well as the 
market price associated with the grade. Since the beef steers 
were graded at definite intervals throughout the beef feeding 
experiment, these subjective grade terms can be replaced with 
the market price for that grade at the time the steers were 
appraised. This procedure will allow the subjective grade 
terms to be given a numerical value for analysis purposes 
and also furnishes a price series that represents the value 
or price of the beef steer at various stages of the feeding 
period. 
The price of steers for this analysis is based on weekly 
Chicago prices (56). For each week throughout the beef feed­
ing experiment, a 10 year (1951-1960) weekly average price 
was computed for each of the various grades of slaughter 
and feeder steers. The 10 year average weekly price of each 
grade was considered to be the average price of that par­
ticular grade. For example, if for the second week in August 
the 10 year average weekly price for choice slaughter steers 
at Chicago was $25.00 per hundred pounds, then this price was 
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considered to be the price for average choice slaughter 
steers. The price for the high and low grades of each par­
ticular grade were then determined by making a linear inter­
polation between the average grade values. 
After the 10 year average weekly price had been computed 
for each of the beef grades, the subjective grade observations 
were then replaced with the 10 year average weekly price that 
corresponded with the week in which the grade observation was 
made. In some instances the beef steers were graded on both 
a feeder and slaughter basis while in most cases the steers 
were graded on either a feeder or a slaughter basis. In .the 
case where the beef steers were graded on both a feeder and 
a slaughter basis, the basis that resulted in the highest 
price was the one that was used in the analysis. This pro­
cédure assumes that if a beef steer is. to be sold he will be 
sold on the grade basis that will bring the greatest returns. 
In order to estimate the change in the price of beef 
steers from the beginning of the feeding period, a quadratic 
function was used to determine the functional relationship, 
the change in the price of beef steers (P1) = p1(pounds of 
ôoilage, time in days). This relationship was estimated for 
both the stilbestrol and the non-stllbestrol rations. The 
"overall"* change in price equations for the stilbestrol and 
*"Overall" refers to the combined feeding periods of 
1958 and 1959 at any one location. 
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the non-stllbestrol rations are: • 
I. With stilbestrol 
(51) P1 = 0000040158F + .0000382807T + .000001753?T2 
- .0000000048FT 
II. Without stilbestrol 
(.52) P' = -. 0000004996F - .0002393978T + .0000036576T2 
-- . 0000000281FT. 
In the above equations, F refers to pounds of soilage, 
T refers to time in days and P1 refers to the change in the 
price of beef steers measured in cents per pound. All of the 
above variables are measured from the beginning of the feeding 
period to each particular observation period when an observa­
tion was made on grade.**. 
The price series (P1) that was used in this analysis was 
obtained by subtracting the price of the steers at the begin­
ning of the feeding period from all price values in the 
series. Thus the first price observation value would be zero. 
Consequently, the price equations 51 and 52 have been esti­
mated without a constant term. 
The coefficient of determination, standard errors and 
the "t11 values for the stilbestrol and non-stllbestrol price 
functions are presented in Tables 44 arid 45, respectively. 
If a constant term is added to equations 51 and 52 and 
*See page 130ff. for additional information on the 
Intervals of the grade observations. 
> 
152 
Table 44. Coefficient of determination, standard errors and 
"t" values for the overall stilbestrol price 
function (equation 51) 
R2 
Independent 
variable 
Standard 
error of 
regression 
coefficient 
"t " 
value 
Level of 
significance 
.8218* F .0000005145 7.806 p < .001 
T .0000507697 .754 .40 < p <.50 
j2 
.0000003979 4.407 p < .001 
FT .0000000039 1.228 •20 < p < .40 
aThe coefficient of determination is based on the raw 
sum of squares. 
Table 45. Coefficient of determination, standard errors and 
"t" values for the overall non-stllbestrol price 
function (equation 52) 
R2 
Independent 
variable 
Standard 
error of 
regression 
. coefficient 
H T H 
value 
Level of 
significance 
.7484® F • .0000025374 .197 p > . 50 
.T .0000018953 1.263 .20 < p < .40 
T2 .0000000168 2.180 .025 < p < .05 
FT .0000000225 1.250 .20 < p <; .40 
aThe coefficient of determination is based on the raw 
sum of squares. 
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if this constant term is the value of the beef steers at the 
beginning of the feeding period,"then the price functions 
(i.e., those functions with the constant term added) can be 
used to predict the price at which the beef steers will 
sell. The average price of the feeder steers at the begin­
ning of the feeding period was 25 cents per pound. When this 
value of 25 cents is used as the constant term, the price 
function (P) for the stilbestrol and non-stilbestrol rations 
can be written as: 
I. With stilbestrol 
(53) P= .2500 - .0000040158F + .0000382807T 
+ .0000017537T2 - .0000000048FT 
II. Without stilbestrol 
(54) Pa .2500 - .0000004996F - .0002393978T 
+ .0000036576T2 - .0000000281FT. 
Similarly, if a constant term is added to the production 
functions in equations 19 and 20 and if this constant term 
represents the average weight of the steers at the beginning 
of the feeding period, then the production functions with 
this constant term can be used to predict the total weight 
(W) of the beef steers. The equations for estimating the 
total weight (W) of the beef steers for the stilbestrol 
and non-stllbestrol rations can be written as: 
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I. With stilbestrol 
(55) W = 850.00 + .116371500 + .02316051F 
_ .0000049955C2 - .0000007455F2 
+ .0000003740F - 1.2236046H 
II. Without stilbestrol 
(56) W = 850.00 + .149718120 + .02128774F 
- .0000122612C2 - .0000005775F2 
_ .00000379070F - 2.2005042H. 
Profit Function 
Profit is defined as the difference between total revenue 
and the total expenditure for all inputs. The profit function 
as it is related to beef cattle can be depicted as: 
(57) rr = WP - PCC _ PpF - .2TPS - K 
where 77" refers to the profit, W refers to the total weight 
of the steer, P refers to the selling price, Pq refers to the 
price of corn, C refers to the pounds of corn fed, Pp refers 
to the price of soilage, F refers to the pounds of soilage 
fed, T refers to time In days, Pg refers to the price of the 
supplement and K is the value of the feeder steer at the 
beginning of the feeding period. 
Thus the overall profit functions for the stilbestrol 
and non-stllbestrol rations are: 
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I. With stilbestrol 
(56) TT = (850.00 + .116-371500 + .02316051F 
- .0000049955C2 - .0000007455F2 
+• .0000000374CF - 1.2236046H) ( .2500 
- .0000040158F + .0000382807T + .0000017537T2 
- •0Ô00000048FT) - PqC - P?F - -2TPS - K 
II. Without stilbestrol 
(59) 7T = (850.00 + .14971812C + .02128774F 
- .0000122612C2 - .0000005775F2 
- .0000037907CF - 2.2005042H) (.2500 
2 
- .0000004996F - .0002393978T + .. 0000036576T 
- .0000000281FT) - PqG - P?F - -2TPS - K. 
The profit equations can be used to estimate profits 
from feeding any given soilage-corn ration, from the all 
soilage ration to the 2:1 soilage-corn ration, for any given 
feeding period within the pasture growing season. The esti­
mated profits from feeding, for example, the 10:1 soilage-
corn stilbestrol ration for 140 days can be determined If 
the cost of the feeder steer and the prices of the feed 
inputs are known. The quantity of corn that will be fed in 
the 10:1 soilage-corn stilbestrol ration can be determined 
from equation 41. The soilage value corresponding to this 
corn value is then readily determined from the ration equa­
tion 26. Therefore, given the cost of the feeder steer and 
the prices of the feed inputs, the expected profits can then 
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be predicted. 
The profit equation can also be used to estimate profits 
from feeding some given total quantity of feed of a specific 
ration. The time required to consume this given total quan-
- tity of feed of a given ration can be determined from the time 
equations in Table 28 or Table 29. A time equation can be 
derived for rations other than those listed by following the 
same procedure as was used in deriving the particular equa­
tions listed in Tables 28' or 29- Again, if the cost of the 
feeder steer and the prices of the feed inputs are known, 
then the expected profits can be determined. 
The expected profits from feeding various stilbestrol 
rations for 140, 130, 120 and 90 days with various feed price 
assumptions are presented in Tables 46, 47, 48 and 49, re­
spectively. In Table 46, a feeder steer fed the 20:1 ration 
for 140 days is predicted to consume 11,439 pounds of soilage, 
572 pounds of corn and 23 pounds of supplement. At the end 
of the 140 day feeding period, the steer is predicted 1) to 
weigh 1,083 pounds, 2) to grade low good, 3) to sell for a 
price of $23.62 per hundredweight and 4) to be worth $255.67, 
The steer at the beginning of the feeding period has been 
valued at $25.00 per hundredweight for a total value of 
$212.50. If the price of soilage is $2.00 per ton and the 
price of corn is $1.00 per bushel, then the total feed costs 
for feeding a steer 140 days will be $22-63, which includes 
Table 46. Predicted total feed consumption, total weight, grade, selling price, 
total revenue, total feed costs, and net revenue for good-to-choice 
feeder steers, weighing 850 pounds at the outset, for eight selected 
soilage-corn stilbestrol rations fed for 140 days ( equation 58)a 
Feed consumption^  • Ration; 
(lbs. ) All soilage 20; 1 15:1 10; 1 
Soilage 13,037 11,439 10,983 10,198 
Corn 0 572 732 1,020 
' Supplement0 28 28 28 28 
Cost of feeder steerû $212.50 #212.50 $212.50 $212.50 
Final weight 1,025 1,083 1,097 1,123 
Grade6 Av. standard High standard Low good Low good 
Selling price $22.87 $23.62 $23.83 $24.20 
Total revenue $234.46 $255.67 $261.49 $271.63 
Total ' Total Total Total 
Price of Price of feed Net feed Net feed Net feed Net 
soilage corn cost revenue cost revenue cost revenue costf revenue 
_($/ton) . (f/bu.) AM ($) ($) ($) _!&!_ ($) J1L ($) 
1.00 — 7.50 14.46 
•.75 14.36 28.81 16.28 32.71 19.74 39.40 
1.00 16.91 26.26 19.55 29.45 24.29 34.84 
1.25 19.47 23.71 22.81 26.18 28.84 30.29 
1.50 22.02 21.15 26.08 22.91 33.40 25.74 
.1.75 > 24 . 57 18.60 29.35 19.64 3 7.9 5 21.19 
2-00 — 14.02 ' 7.95 
.75 20.08 23.09 21.77 27.22 24.84 34.30 
1.00 22.63 20.54 25.04 23.95 29.39 29.74 
1.25 25.19 17.99 28.31 20.68 33.94 25.19 
1.50 27.74 15.43 31.57 17.42 38.50 20.64 
1.75 30.29 12.88 34.84 14.15 43.05 16.09 
3.00 — 20.54 1.43 
' .75 25.80 17.37 27.26 21.73 29.94 29.20 
1.00 28.35 14.82 30.53 18.46 34.49 24.65 
1.25 30.90 12.27 33.80 15.19 39.04 20.09 
1.50 33.46 9.71 37.07 11.92 43.59 15.54 
1.75 36.01 7.16 40.33 8.66 48.15 10.99 
4.00 — 27.05 -5.09 
.75 31.5b 11.65 32.75 16.24 35.04 24.10 
1.00 34.07 9.10 36.02 12.97 39.59 19.55 
1.25 36.62 6.55 39.29 9.70 44.14 14.99 
1 Rn IB QQ AO • a AX AO CO in A A 
5.00 
6 .00  
7.00 
8.00 
.75 31.5b 11.65 32.75 16.24 35.04 24.10 
1.00 34.07 9.10 36.02 12.97 39.59 19.55 
1.25 36.62 6.55 39.29 9.70 44.14 14.99 
1.50 39.18 3.99 42.56 ' • 6.43 48.69 10.44 
1.75 41.73 1.44 45.83 3.16 53.25 5.89 
•M M 33.57 -11.61 
.75 37.24 5.93 38.24 10.75 40.13 19.00 
1.00 37.79 3.30 41.51 7.48 44.69 . 14.45 
1.25 42.34 .83 44.78 4,21 49.24 9.89 
1.50 44.90 -1.72 48.05 .94 53.79 5.34 
1.75 47.45 -4.28 51.32 -2.33 58.35 .79 
— —* 40.09 -18.13 
.75 42.96 .22 43.73 5.26 45.23 13.90 
1.00 45.51. —2.34 47.00 1.99 49.79 9.35 
1.25 48.06 -4 .89 50.27 -1.28 54.34 4.80 
1.50 50.62 -7.44 53.54 -4.55 58.89 .24 
1.75 53.17 -10.00 56.81 -7.82 63.44 -4.31 
— — 46.61 -24.65 
.75 48.68 —5.50 49.23 —. 23 50.33 8.80 
1.00 51.23 -8.06 52.49 -3.50 54.89 4.25 
1.25 53.78 -10.61 55.76 -6.77 59.44 -.30 
1.50 56.34 -13.16 59.03 -10.04 63.99 -4.86 
1.75 58.89 -15.72 62.30 -13.31 68.54 -9.41 
53.13 -31.16 
.75 54.39 -11.22 54.72 -5.73 55.43 3.70 
1.00 56.95 -13.78 57.99 -8.99 59.98 -.85 
1.25 59.50 -16.33 61.25 -12.26 64.54 -5.40 
1.50 62.05 -18.88 64.52 -15.53 69.09 -9.96 
1.75 64.61 -21.44 67.79 -18.80 73.64 -14.51 
aTemperature is held constant at the overall mean. 
bThe soilage and corn quantities are the same as derived in Table 34. 
°The supplement in Table 3 is fed at the rate of .2 of a pound per day. 
&The feeder steer is valued at #25.00/cwt. 
D^erived from equation 45. 
fThe total feed cost includes the cost of corn and soilage plus 28 pounds of 
supplement valued at $3.50/cwt. 
Table 46. (Continued) 
Feed consumption i 
(lbs.) 
Soilage 
Corn 
Supplement 
Cost of feeder steer 
Final weight 
Grade 
Selling price 
Total revenue ' 
8:1 
Price of 
soilage 
(#/ton) 
1.00 
2.00 
3.00 
4.00 
Price of 
corn 
(#/bu.) 
9,698 
1,212 
#212.50 
Av. good 
$24.43 
$278.20 
Total 
feed Net 
cost revenue 
(S)  ($)  
.75 22-06 43.64 
1 .00 27.48 38.23 
1 .25 32.89 32.82 
1 .50 38.30 27.40 
1 .75 43.71 21.99 
.75 26.91 38.79 
1 .00 32.33 33.38 
1 .25 37.74 27.97 
1 .50 43.15 . 22.56 
1 .75 48.56 17.14 
.75 31.76 33.94 
1 .00 37.17 28.53 
1 .25 42.59 £3.12 
1 .50 48.00 17.71 
1 .75 53.41 12.29 
n t=.  rta a. i  on no 
Ration: 
5:1 
8,513 
1,703 
28 
#212.50 
1,177 
High good 
§24.99 
#294.18 
Total 
feed Net 
cost revenue 
m 
3:1 
7,106 
2,369 
28 
#212.50 
1,225 
High good 
825.65 
#314.21 
Total 
feed Net 
cost revenue 
J1L (#)  
2:1 
5,995 
2,997 
28 
#212.50 
. . 1,267 
Low choice 
#26.17 
#331.44 
Total 
feed Net 
cost revenue (it) JD 
28.04 53.65 36.26 65.46 44.12 74.82 
35.64 .46.05 46.83 54.88 57.50 61.44 
43.24 38.44 57.41 44.31 70.88 48.05 
50.84 30.84 67.98 33.73 84.26 34.68 
58.44 23.24 78.55 23.16 97.64 21.30 
32.29 49.39 39.81 61.90 47.12 71.82 
39.89 41.79 50.38 51.33 60.50 58.44 
47.49 34.19 60.96 40.75 73.88 45.06 
55.10 26.59 71.53 30.18 87.26 31.68 
62.70 18.99 82.11 19.60 100.64 18.30 
36.55 45.13 43.36 58.35 50.12 68.82 
44.15 37.53 53.94 47.78 63.50 55.44 
51.75 29.93 64.51 37.20 76.88 42.06 
59.35 22.33 75.09 26.63 90.26 28.68 
66.95 14.73 85.66 16.05 103.64 15.30 
A  r\ an A  r\ o n A C .  n  n R A ar\ c.rz i  n 
4.00 
5.00 
6 . 0 0  
7.00 
8.00 
1.75 53.41 12.29 66.95 
.75 36.61 29.09 40.81 
1.00 42.02 23.68 48.41 
1.25 47.44 18.27 56.01 
1.50 52.85 12-86 63.61 
1.75 58.26 7.45 71.21 
.75 41.46 24.24 45.06 
1.00 46.87 18.83 52.66 
1.25 52.28 13.42 60.26 
1.50 57.70 8.01 67.86 
1.75- 63.11 2.60 75.46 
.75 46.31 19.39 49.32 
1.00 51.72 13.98 56.92 
1.25 57.13 8.57 64.52 
1.50 62.55 ' 3.16 72.12 
1.75 79.96 
-2.25 79 .72 
.75 51.16 14.55 53. 53 
1.00 56.57 9.13 61.18 
1.25 61.98 3.72 68.78 
1.50 67.39 -1.69 76.38 
1.75 72.81 -7.10 83.98 
.75 56.01 9.70 57.83 
1.00 61.42 4.28 65.43 
1.25 66.83 -1.13 73.03 
1.50 72.24 -6.54 80.63 
1.75 77.66 -11.95 88.23 
14.73 
40.88 
33.28 
25.68 
18.08 
10.47 
36.62 
27.02 
21.42 
13.82 
6 . 2 2  
32.36 
24.76 
17.16 
9.56 
1.96 
28.11 
20.51 
12.91 
5.31 
-2.29 
23.85 
1.6.25 
8.65 
1.05 
-6.55 
85.66 
46.92 
57.49 
68.06 
78.64 
89.21 
50.47 
61.04 
71.62 
82-19 
92.77 
54.02 
64.60 
75.18 
85.74 
96.32 
57.57 
68.15 
78.72 
89 .30 
99.87 
61.13 
71.70 
82.28 
92.85 
103.43 
16.05 
54.80 
44.22 
33.65 
23.07 
12.50 
51.24 
40.61 
30.09 
19.52 
8.95 
47.69 
37.12 
26.54 
15.97 
5.39 
44.14 
33.57 
22.99 
12.41 
1.84 
40.58 
30.01 
19.44 
8 .86  
-1.71 
103.64 
53.11 
66.49 
79.87 
93.26 
106.64 
56.11 
67.47 
82.87 
96.25 
109.63 
59.11 
72.49 
85.87 
99.25 
112.63 
62.10 
75.49 
88.87 
102.25 
115.63 
65.10 
78.48 
91.86 
105.25 
118.63 
15.30 
65.83 
52.45 
39.07 
25.68 
12-30 
62.83 
49.45 
36.07 
22.69 
9.31 
59.83 
46.45 
33.07 
19.69 
6.31 
56.84 
43.45 
30.07 
16.69 
3.31 
53.84 
40.46 
27.08 
13.69 
.31 
Table 47. Predicted total feed consumption, total weight, grade, selling price, 
total revenue, total feed costs, and net revenue for good-to-choice 
feeder steers, weighing 85 pounds at the outset, for eight selected 
soilage-corn stilbestrol rations fed for 130 days (equation 58)a 
Feed consumption^  
(lbs.) 
Soilage 
Corn 
Supplement0 
Cost of feeder steer* 
Final weight 
Grade® 
Selling price 
Total revenue 
Ration: 
All soilage 20:1 
Price of 
soilage 
($/ton) 
1.00 
Price of 
corn 
(8/bu.)  
2.00 
3.00 
4.00 
12,010 
26 
$212.50 
1,021 
Av. Standard 
#22.90 
$233.68 
Total 
feed. 
costJ 
_H1 
Net 
revenue 
($) 
10,572 
529 
26 
#212.50 
1,072 
High Standard 
#23.56 
$252.55 
Total 
feed Net 
cost revenue 
15:1 10:1 
10,158 
677 
26 
$212.50 
1,085 
Low Good 
$23.75. 
$257.75 
111 m 
Total 
feed 
cost 
9,443 
944 
26 
$212.50 
1,108 
Low Good 
$24.08 
$266.86 
Net 
revenue 
($) 
Total 
feed Net 
cost revenue 
_lil_ (») 
6.92 14.26 
.75 13.28 26.77 15.06 30.19 18.28 36.08 
1.00 15.64 24.41 18.08 27.17 22.49 31.87 
1.25 18.00 22.05 21.11 24 .14 26.71 27.65 
1.50 20.36 19.69 24.13 21.12 30.93 23.43 
1.75 22.71 17.34 27.15 18.10 35.14 19.22 
we «a 12.92 8.26 
.75 18.56 21.49 20.14 25.11 23.00 31.36 
1.00 20.92 19.13 23.16 22-09 27.22 27.14 
1.  25 23.26 16.77 26.18 19.07 31.43 22.93 
1.50 25.64 14.41 29.21 16.04 35.65 18.71 
1.75 28.00 12.05 32.23 13.02 39.86 14.50 
18.93 2.25 
.75 23.85 16.20 25.22 20.03 27.72 26.64 
1.00 26.21 13.84 28.24 17.01 31.94 22.43 
1.25 28.57 11.48 31.26 13.99 36.15 18.21 
1.50 30.93 9.12 34.29 10.96 40.37 13.99 
1.75 33.29 6.76 37.31 7.94 44.58 9.78 
24.93 '  -3 .75 
.75 29.13 10.92 30.30 14.95 32.44 21.92 
1.00 31.49 6.56 33.32 11.93 36.66 17.70 
1.25 33.85 6.20 36.34 8.91 40.88 13.48 
1.50 36.21 3.84 39.37 5.88 45.09 9.27 
1 OR XQ RO 1 AQ AO XQ O Off. A O "XI K nK 
4.00 — 24.93 ' -3.75 
.75 29.13 10.92 30.30 14.95 32.44 21.92 
1.00 31.49 6.56 33.32 11.93 36.66 17.70 
1.25 33.85 6.20 36.34 8.91 40.88 13.48 
1.50 36.21 3.84 39.37 5.88 45.09 9.27 
1.75 38.57 1.48 42-39 2.86 49.31 5.05 
5.00 — 30.94 -9.76 
.75 34.42 5.63 35.37 9.87 37.17 17.19 
1.00 36.78 3.27 38.40 6.85 41.38 12.98 
1.25 39.14 .91 41.42 3.83 45.60 8.76 
1.50 41.50 -1.45 44.44 • .81 49.81 4.55 
1.75 43.86 -3.81 47.47 -2.22 54.03 .33 
6.00 — 36.94 -15.76 
.75 39.71 .34 40.45 4.80 41.89 . 12.47 
1.00 42-07 -2.02 43.48 1.77 46.10 8.26 
1.25 ' 44.43 -4.38 46.50 -1.25 50.32 4.04 
1.50 46.79 -6.74 49.52 -4.27 54.53 -.17 
1.75 49.15 -9.10 52.55 -7.30 58.75 -4.39 
7.00 — 42.95 -21.77 
.75 44.99 -4.94 45.53 -.28 46.61 7.75 
1.00 47.35 -7.30 48.56 -3.31 50.82 3.54 
1.25 49.71 -9.66 51.58 -6.33 55.04 -.68 
1.50 52.07 -12.02 54.60 -9.35 59.26 -4.90 
1.75 54.43 -14.38 57.63 -12.38 63.47 -9,99 
8.00 — 48.95 -27.77 
.75 50.28 -10.23 50.61 -5.36 51.33 3.03 
1.00 52.64 -12.59 53.64 -8.39 55.55 -1.19 
1.25 55.00 -14.95 56.66 -11.41 59.76 -5.40 
1.50 57.36 -17.31 59.68 -14.42 63.98 -9.62 
1.75 59.72 -19.67 62.70 -17.45 68.19 -13.83 
T^emperature Is held constant at the overall mean. 
&The soilage and corn quantities are the same as derived in Table 34. 
°The supplement in Table 3 is fed at the rate of .2 of a pound per day. 
&The feeder steer is valued at $25..00/cv/t. 
D^erived from equation 45. 
fThe total feed cost includes the cost of corn and soilage plus 26 pounds of 
supplement valued at $3.50/cwt. 
Table 47. (Continued) 
Feed consumption 
( lbs. ) 
Soilage 
Corn 
Supplement 
Cost of feeder steer 
Final weight 
Grade 
Selling price 
Total revenue 
Price of 
soilage 
(&/ton) 
8:1 
1.00 
2.00 
3.00 
4.00 
8,986 
1,123 
26 
$212.50 
1,123 
Av. Good 
$24 .30 
$272.78 
Total 
Price of feed Net 
corn 1 cost revenue 
($/bu.) (*) ($) 
.75 20.45 39.83 
1.00 25.46 34.82 
1.25 30.47 29.81 
• 1.50 35.49 24.79 
1.75 40.50 19.78 
.75 24.94 35.34 
1.00 29.95 30.33 
1.25 34.97 25.31 
1.50 39.98 20.30 
1.75 45.00 15.28 
.75 29.43 30.85 
1.00 34.44 25.84 
1.25 39.46 20.82 
1.50 44.47 15.81 
1.75 49.49 10.79 
.75 33.92 26.36 
1.00 38.94 21.34 
Ration: 
5:1 3:1 2:1 
7,896 6,594 5,558 
1,579 2,198 2,779 
26 26 26 
$212.50, $212.50 $212.50 
1,158 1,203 1,241 
Av. Good High Good Low Choice 
$24.80 $25.41 $25.89 
$287.25 $305.50 $321.26 
Total 
feed Net 
cost revenue 
($) ($) 
Total 
feed Net 
cost revenue 
($) (8) 
Total 
feed Net 
cost revenue 
($) ($) 
26.01 
33.06 
40.11 
47.16 
54.21 
29.96 
37.01 
44.06 
51.11 
58.16 
33.91 
40.96 
48.01 
55.06 
62.11 
37.85 
44.90 
48. 74 
41. 69 
34. 64 
27. 59 
20. 54 
44. 79 
37. 74 
30. 69 
23.64 
16. 59 
40. 84 
33. 79 
26. 74 
19. 69 
12. 64 
36. 90 
29. 85 
33.65 
43.46 
53.27 
63.09 
72.90 
36.94 
46.76 
56.57 
66.38 
76.20 
40.24 
50.05 
59.87 
69.68 
79.49 
43.54 
53.35 
59.35 
49.54 
39.73 
29.91 
20.10 
56.06 
46.24 
36.43 
26.62 
16.80 
52.76 
42.95 
33.13 
23.32 
13.51 
49.46 
39.65 
40.91 
53.31 
65.72 
78.12 
90.53 
43.68 
56.09 
68.50 
80.90 
93.31 
46.46 
58.87 
71.27 
83.68 
96.09 
49.24 
61.65 
67.85 
55.45 
43.04 
30.64 
18.23 
65.08 
52.67 
40.26. 
27.86 
15.45 
62.30 
49.89 
37.49 
25.08 
12.67 
59.52 
47.11 
t t .UU 
5.00 
6 .00  
7.00 
8.00 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1-25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
33.92 
38.94 
43.9b 
48.97 
53.98 
38.42 
43.43 
48.45 
53.46 
58.48 
42.91• 
47.92 
52.94 
57.95 
62.97 
47.40 
52.42 
57.43 
62.45 
67.46 
51.90 
56.91 
61.93 
66.94 
71.95 
26.36 
21.34 
16.33 
11.31 
6.30 
21.86 
16.85 
11.83 
6.82 
1.80 
17.37 
12.36 
7.34 
2.33 
-2.69 
12.88 
7.86 
2.85 
-2.17 
-7.16 
8.38 
3.37 
-1.65 
- 6 . 6 6  
11.67 
37.85 
44.90 
51.95 
59.00 
66.05 
41.80 
48.85 
55.90 
62.95 
70.00 
45.75 
52.80 
59.85 
66.90 
73.95 
49.70 
56.75 
63.80 
70.85 
77.90 
53.65 
60.70 
67.75 
74.80 
36.90 
29.85 
22.80 
15.75 
8.70 
32.95 
25.90 
18.85 
11.80 
4.75 
29.00 
21.9 5 
14.90 
7.85 
.80 
25.05 
18.00 
10.95 
3.90 
-3.15 
21.10 
14.05 
7.00 
-.05 
-7.10 
43.54 
53.35 
63.16 
72.98 
82.79 
46.84 
56.65 
66.46 
76.27 
86.09 
50.13 
59.95 
69.76 
79.57 
89.39 
53.43 
63.24 
• 73.06 
82.87 
92.68 
56.73 
66.54 
76.35 
86.17 
95.98 
49 .46 
39 .65 
29 .84 
20 .02 
10 .21 
46.16 
36 .35 
26 .54 
16.73 
. 6 .91 
42 .87 
33.05 
23 • 24 
13 .43 
3 .61 
39 .57 
29 .76 
19 .94 
10.13 
.32 
36 .27 
26 .46 
16 .65 
6 .83 
-2 .98 
49.24 
61.65 
74.05 
86.46 
98.86 
52.02 
64.43 
76.83 
89.24 
101.64 
54.80 
67.21 
79.61 
92.02 
104.42 
57.58 
69.98 
82.39 
94.80 
107.20 
60.36 
72.76 
85.17 
97.57 
109.98 
59.52 
47.11 
34.71 
22.30 
9.90 
56.74 
44.33 
31.93 
19.52 
7.12 
53.96 
41.55 
29.15 
16.74 
4.34 
51.18 
38.78 
26.37 
13.96 
1.56 
48.40 
36.00 
23.59 
11.19 
-1.22 
Table 48. Predicted total feed consumption, total weight, grade, selling price, 
total revenue, total feed costs, and net revenue for good-to-choice 
feeder steers, weighing 850 pounds at the outset, for eight selected 
soilage-corn stilbestrol rations fed for 120 days (equation 58)a 
Feed consumption^  
(lbs 
Ration: 
Soilage 
Corn 
Supplement0 
Cost of feeder steer& 
Final weight 
Grade6 
Selling price 
Total revenue 
Price of 
soilage 
(G/ton) 
1.00 
Price of 
corn 
(#/bu.) 
2.00 
3.00 
4.00 
All soilage . 
10,997 
24 
$212.50 
• 1,015 
Av. Standard 
.. #22.94 
$232.74 
Total 
feed 
costf  
20:1 15:1 
Net 
revenue 
9,713 
486 
24 
$212.50 
1,060 
High Standard 
#23.53 
• #249.45 
Total 
feed Net 
cost revenue 
_li l_  (#)  
10:1 
9,339 
623 
/ 24 
#212.50 
1,072 
Low Good 
#23.70 
$254.08 
Total 
feed Net 
cost revenue 
AM (11__ 
8,692 
869 
24 
#212.50 
1,093 
Low Good 
#24.00 
#262.21 
Total 
feed 
cost  
( # )  
Net 
revenue 
6.34 13.90 
.75 12.20 24.74 13.85 27.73 16.83 32.88 
1.00 14.37 22.58 16.63 24.95 20.71 29.00 
1.25 16.54 20.41 19.41 22.17 24.59 25.12 
1.50 13.70 18.24 22.19 19.39 28.47 21.24 
1.75 20.87 16.07 24.97 16.61 32.35 17.36 
mm ^m 11.84 8.40 
.75 • 17.06 .19.89- 18.52 23.06 21.17 28.54 
1.00 19.22 17.72 21.30 20.28 25.05 24.66 
1.25 21.39 15.55 24.08 17.50 22.93 20.78 
1.50 23.56 13.38 26.86 14.72 32.81 16.90 
1.75 25.73 11.22 29.64 . 11.94 36.70 13.02 
17.34 2.91 
.75 21.91 15.03 23.19 18 * 39 25.52 24.19 
1.00 24.08 12.86 25.97 15.61 29.40 20.31 
1.25 26.25 10.70 28.75 12.83 33.28 16.43 
1. 50: 28.42 8.53 31.53 10.05 37.16 12.55 
1.75 30.59 6.36 34.31 7.27 41.04 8.67 
mm 22.83 -2.59 
.75 26.77 10.18 27.86 13.72 29.87 19.85 
4.00 
5.00 
6.00 
7.00 
8.00 
1. 50: 28.42 8.53 31.53 10.05 37.16 12.55 
1.75 30.59 6.36 34.31 7.27 41.04 8.67 
— — 22.83 -2.59 
.75 26.77 10.18 27.86 13.72 29.87 19.85 
1.00 28.94 8.01 30.64 10.94 33.75 15.96 
1.25 31.11 5.84 33.42 8.16 37.63 12.08 
1.50 33.27 3.67 36.20 5.38 41.51 8.20 
1.75 35.44 1.50 38.98 2.60 45.39 4.32 
— — 28.33 -8.09 
.75 31.63 5.32 32.53 9.05 34.21 15.50 
1.00 33.79 3.15 36.31 6.27 38.09 11.62 
1.25 35.96 .98 38.09 3.49 41.97 7.74 
1.50 38.13 -1.18 40.87 .71 45.85 3.86 
1.75 40.30 -3.35 43.65 -2.07 49.73 -.02 
— — 33.83 -13.59 " 
.75 36.48 .46 37.20 4.38 38.56 11.15 
1.00 38.65 -1.71 39.98 ' 1.60 42.44 7.27 
1.25 40.82 -3.87 42.76 
-1.18 . 46.32 3.39 
1.50 42.99 -6.04 45.54 -3.96 50.20 -.49 
1.75 45.15 -8.21 48.32 -6.74 54.08 -4.37 
— — 39.33 -19.09 
.75 41.34 —4.39 41.87 -.29 42.90 6.81 
1.00 43.51 -6.56 44.65 -3.07 46.78 2.93 
1.25 45.67 -8.73 47.43 -5.85 50.66 -.95 
1.50 47.84 -10.90 50.21 -8.63 54.55 -4.83 
1.75 50.01 -13.07 52.98 -11.41 58.43 -8.71 
— — 44.83 -24.59 
.75 46.20 -9.25 46.54 -4.96 47.25 2.46 
1.00 48.36 -11.42 49.32 -7.74 51.13 -1.42 
1.25 50.53 -13.59 52-10 -10.52 55.01 -5.30 
1.50 52.70 -15.75 54.87 -13.30 58 .89 -9.18 
1.75 54.87 -17.92 57.65 -16.08 62.77 -13.06 
T^emperature la held constant at the overall mean. 
&The soilage and corn quantities are the same as derived in Table 34. 
OThe supplement in Table 3 is fed at the rate of .2 of a pound per day. 
dThe feeder steer is valued at $25.00/cwt. 
D^erived from equation 45. 
fThe total feed cost includes the cost of corn and soilage plus 24 pounds of 
supplement valued at $3.50/cwt. 
Table 48. (Continued) 
Feed consumption 
(lbs.) 
Soilage 
Corn x 
Supplement 
Cost of feeder steer 
Final weight 
Grade 
Selling price 
Total revenue 
Price of Price of 
soilage corn 
(G/ton) ($/bu.) 
.1 .00 
.75 
1.00 
1.25 
1.50 
1.75 
2.00 
.75 
1.00 
1.25 
1.50 
1.75 
3.00 
.75 
1.00 
1.25 
1.50 
1.75 
4.00 
.75 
8:1 
8,276 
1,035 
24 
$212.50 
1,106 
Low Good 
$24.19 
$267.52 
Total 
feed Net 
cost revenue 
($) ($) 
18.83 36.19 
23.45 31.57 
28.07 26.95 
32.69 22.33 
37.31 17.71 
22.97 32.05 
27.59 27.43 
32.21 22.81 
36.83 18.19 
41.45 13.57 
27.11 27.91 
31.73 23.29 
36.35 18.67 
40.97 14.05 
45.58 9.44 
31.25 23.77 
5:1 3:1 2:1 
7,281 6,083 5,122 
1,456 2,028. 2,561 
24 24 24 
$212.50 $212.50 $212.50 
1,138 1,179 1,215 
Av. Good High Good Low Choice 
$24.64 $25.19 $25.64 
$280.55 $297.09 $311.43 
Total 
feed Net 
cost revenue 
($) ($) 
Total 
feed Net 
cost revenue 
($) ($) 
Total 
feed Net 
cost revenue 
($) ($) 
23.98 
30.49 
36.99 
43.49 
49.99 
27.62 
34.13 
40.63 
47.13 
53.63 
31.27 
37.77 
44.27 
50.77 
57.27 
34.91 ' 
44.07 
3 7.57 
31.07 
24.57 
18.06 
40.43 
33.93 
27.43 
20.92 
14.42 
36.79 
30.29 
23.79 
17.28 
10.78 
33.15 
31.04 
40.09 
49.15 
58.20 
67.25 
34.08 
43.13 
52.19 
61.24 
70.29 
37.12 
46.18 
55.23 
64.28 
73.33 
40.17 
53.55 
44.50 
35.45 
26.39 
17.34 
50.51 
41.46 
32.41 
23.35 
14.30 
47.47 
38.42 
29.36 
' 20.31 
1 11.26 
44.43 
37.70 
49.14 
60.57 
72.00 
83.44 
40.26 
51.70 
63.13 
74.56 
86.00 
42.82 
54.26 
65.69 
77.12 
88.56 
45.38 
61.22 
49.79 
38.36• 
26.92 
15.49 
58.66 
47.23 
35.80 
24.36 
12.93 
56.10 
44.67 
33.23 
21.80 
10.37 
53.54 
4.00 
5.00 
6 .00  
7.00 
8.00 
.75 31.25 23.77 34.91 
1.00 35.87 19.15 41.41 
1.25 40.49 14.54 47.91 
1.50 45.10 9.92 54.41 
1.75 49.72 5.30 60.91 
.75 35.39 19.63 36.55 
1.00 40.00 15.02 45.05 
1.25 44.62 10.40 51.55 
1.50 49.24 5.78 58.05 
1.75 53.86 1.16 64.55 
.75 39.52 15.50 42.19 
1.00 44.14 10.88 48.69 
1.25 48.76 6.26 55.19 
1.50 53.38 . 1.64 61.69 
1.75 58.00 
—2.98 68.19 
.75 43.66 11.36 45.83 
1.00 48.28 6.74 52.33 
1.25 52.90 2.12 58.83 
1.50 57.52 —2 « 50 65.33 
1.75 62.14 -7.12 71.83 
.75 47.80 7.22 49.47 
1.00 52.42 . 2.60 55.97 
1.25 57.04 
-2.02 62-47 
1.50 61.66 -6.64 68.97 
1.75 66.27 
-11.25 75.47 
33.15 
26.65 
2O.Î4 
13.64 
7.14 
29.51 
23.01 
16.50 
10.00 
3.50 
25.87 
19.36 
12.86 
6.36 
-.14 
22.22 
15.72 
9.22 
2.72 
-3.78 
18.58 
12.08 
5.58 
-.92 
-7.42 
40.17 
49.22 
58.27 
67.32 
76.38 
43.21 
52.26 
61.31 
70.37 
79.42 
46.25 
55.30 
64.35 
73.41 
82.46 
49.29 
58.34 
67.40 
76.45 
85.50 
52.33 
61.38 
70.44 
79.49 
88.54 
44.43 
35.37 
26.32 
17.27 
8.22 
41.39 
32.33 
23.28 
14.23 
5.17 
38.34 
29.29 
20.24 
11.19 
2.13 
35.30 
26.25 
17.20 
8.14 
-.91 
32.26 
23.21 
14.15 
5.10 
-3.95 
45.38 
66.82 
68.25 
79.69 
91.12 
47.95 
59.38 
70.81 
82.25 
93.68 
50.51 
61.94 
73.37 
84.81 
96.24 
53.07 
64:50 
75.94 
87.37 
98.80 
55.63 
67.06 
78.50 
89.93 
101.36 
53.54 
42.11 
30.67 
19.24 
7.81 
50.98 
39.55 
28.11 
16.68 
5.26 
48.42 
: 36.99 
25.55 
14.12 
2.68 
45.86 
34.42 
22.99 
11.56 
.12 
43.30 
31.86 
20.43 
9.00 
-2.44 
Table 49. Predicted total feed consumption, total weight, grade, selling price, 
>, total revenue, total feed costs, and net revenue for good-to-choice 
feeder steers, weighing 850 pounds at the outset, for eight selected 
soilage-corn stilbestrol rations fed for 90 days ( equation 58)a 
Feed consumption*5 
(lbs.) 
Soilage 
Corn 
Supplement0 
Cost of feeder steer* 
Final weight 
Grade® 
Selling price 
Total revenue 
Ration; 
All soilage 
Price of  
soi lage 
(I / ton)  
1.00 
2.00 
3.00 
Price of 
corn 
($/bu.) 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1; 50 
8,048 
18 
$212.50 
988 
Av . Standard 
. $23.19. 
$229.13 
Total 
feed „ 
cost-
_iiL 
Net 
revenue 
($) 
4.65 11.97 
8.68 7.95 
12.70 3.92 
20:1 
7,180 
359 
18 
$212.50 
1,019 
High Standard 
$23.57 
$240.24 
15:1 
6,919 
461 
18 -
$212.50 
1,027 
High Standard 
$23.69 
$243.37 
10:1 
6,463 
646 
18 
$212.50 
1,042 
Low Good 
$23.89 
Total Total Total 
feed Net feed Net feed Net 
cost revenue cost revenue cost revenue 
($); ($) ($) ($) ($) ($) 
9.03 18.71 10.27 20.60 12.52 23.90 
10.63 17.11 12.33 18.54 15.40 21.02 
12.23 15.51 14.39 16.48 18.29 18.13 
13,84 13.91 16.45 14.42 21.17 15.25 
15.44 12.30 18.51 12.36 24.06 12.36 
12.62 15.12 13.73 17.14 15.75 20.67 
14.22 13.52 15.79 15.08 18.63 17.79 
15.82 11.92 17.85 13.02 21.52 14.90 
17.43 10.32 19.91 10.96 24.40 12.02 
19.03 8.71 21.97 8.90 27.29 9.13 
16.21 11.53 17.19 13.68 18.98 17.44 
17.81 9.93 19.25 11.62 21.86 14.56 
19.41 8.33 21.31 9.56 22.75 11.67 
21.02 6.73 23.37 7.50 27.63 8.79 
4.00 
5.00 
6 .00  
7.00 
8 .00  
1.25 19.41 8.33 21.31 9.56 22.75 11.67 
1;  50 21.02 6.73 23.37 7.50 27.63 8.79 
1.75 22.62 5.12 25.42 5.44 30.52 5.90 
— — 16.  73 — ! .10 
.75 19.80 7.94 ' 20.65 10.22 22.21 14.21 
1.00 21.40 6.34 22.71 8.16 25.10 11.33 
1.25 23.00 4.74 24.77 6.10 27.98 8.44 
1.50 24.61 3.14 26.83 4.04 30.87 5.56 
1.75 26.21 1.53 28.88 1.98 33.75 2.67 
— — 20.  75 -4 .12 
.75 23.39 4.35 24.11 6.76 25.44 10.98 
1.00 24.99 2.75 26.17 4.70 28.33 8.09 
1.25 26.59 1.15 28.23 2.64 31.21 5.21 
1.50 28.20 - .45 30.28 .58 34.10 2.32 
1.75 29.80 -2.06 32.34 -1.48 36.98 - .56 
— — 24.  77 -8 .15 
.75 26.98 .76 27.57 3.30 28.67 7.75 
1.00 28.58 —. 84 29.63 1.24 31.56'  4.86 
1.25 30.18 -2.44 31.69 - .82 34.44 1.98 
1.50 31.79 -4.04 33.74 -2.88 37.33 - .91 
1.75 33.39 -5.65 35.80 -4.94 40.21 -3.79 
— —  28.  BO -12 .17 
.75 30.57 -2.83 31.03 - .16 31.90 ; 4 .52 
1.00 32-17 —4.43 33.09 •-2.22 34.79 1.63 
1.25 33.77 -6.03 35.15 -4.28 37.67 -1.25 
1.50 35.38 -7.63 37.20 -6.34 40.56 -4.14 
1.75 36.98 -9.24 39.26 -8.40 43.4-5 -7.02 
— — 32.  ,82 -16 .20 
.75 34.16 -6.42 34.49 -3.62 35.14 1.29 
1.00 35.76 -8.02 36.55 -5.68 38.02 -1.60 
1.25 37.36 -9.62 38.60 -7.74 40.91 -4.49 
1.50 38.97 -11.22 40.66 -9.80 43.79 -7.37 
1.75 40.57 -12.83 42.72 -11.86 46.68 -10.26 
T^emperature is held constant at the overall mean. 
t>The soilage and corn quantities- are the same as derived in Table 34. 
°The supplement in Table 3 is fed at the rate of .2 of a pound per day. 
dThe feeder steer is valued at $25.00/cwt. 
D^erived from equation 45. 
fThe total feed cost includes the cost of corn and soilage plus 18 pounds 
of supplement valued at $3.50/cwt. 
Table 49. (Continued) 
Feed consumption 
(lbs T 
Soilage 
Corn 
Supplement 
Cost of feeder steer 
Final weight 
Grade 
Selling price 
Total revenue 
8:1 
Price of 
soilage 
(8/ton) 
1.00 
2.OU 
3.00 
Price of 
corn 
($/bu.) 
6,166 
771 
18 
$212.50 
1,051 
Low Good 
§24.02 
$252.59 
Total 
feed Net 
cost revenue 
( * ) -  ( 3 )  
.75 • 14 .03 26.05 
1.00 17 .48 22.61 
1.25 20 .92 • 19.17 
1.50 24 .36 15.73 
1.75 27 .80 12.29 
.75 17 .12 22.97 
1.00 20 .56 19.53 
1.25 24 .00 16.09 
1.50 27 .44 12-65 
1.75 30 .88 9.21 
.75 20 .20 19.89 
1.00 23 . 64 16.45 
1.25 27 .08 13.01 
1.50 30 .52 9.57 
1.75 33 .96 6.13 
4. Ou 
Ration: ; . • 
5:1 3:1 2:1 
5,444 4,554 3,824 
1,089 1,518 1,912 
18 18 18 
#212.50 #212.50 #212.50 
1,075 1,105 1,132 
Low Good A v. Good High Good 
$24.35 #24.74 #25.07 
• $261.71 #273.49 #283.79 
Total Total Total 
feed Net feed Net feed Net 
cost revenue cost revenue cost revenue 
( 3 )  ( # )  ( S )  ( # )  ( # )  ( # )  
17.93 
22.79 
27.65 
32.51 
37.38 
20.66 
25.52 
30.38 
35.24 
40.. 10 
23.38 
28.24 
33.10 
37.96 
42.82 
31.28 
26.42 
21.56 
16.70 
11.84 
28.56 
23.70 
18.84 
13.98 
9.12 
25.84 
20.98 
16.12 
11.26 
6.39 
23.24 
30.02 
36.79 
43 .57 
50.35 
25.52 
32.29 
.39.07 
45.85 
52.62 
27.79 
34.57 
41.35 
.48.12 
54.90 
37.76 
30.98 
24.20 
17.42 
10.65 
35.48 
28.70 
21.92 
15.15 
8.37 
33.20 
26.42 
19.65 
12.87 
6.09 
28.15 
36.69 
45.22 
53.76 
62.30 
30.06 
38.60 
47.14 
55.67 
64.21 
31.97 
40.51 
49.05 
57.58 
66.12 
43.14 
34.60 
26.07 
17.53 
8.99 
41.23 
32.69 
24.15 
15.62 
7.08 
39.31 
30.78 
22.24 
13.71 
5.17 
4.  Ou 
5.00 
6.00 
7.OU 
8.00 
1.50 30.52 9.57 37.96 
1.75 33.96 6.13 42.82 
.75 b3 • 28 16.80 26.10 
1.00 26.72 13.35 30.96 
1.25 30.16 9.92 35.82 
1.50 33.61 6.48 40.68 
1.75 37.05 3 .04 - 45.54 
.75 26.37 13.72 28.82 
1.00 29.81 10.28 33.68 
1.25 33.25 6.84 38.54 
1.50 36.69 3.40 43.40 
1.75 40.13 — • 04- 48.26 
.75 29.45 10.64 31.54 
1.00 32.89 7.20 36.40 
1.25 36.33 3.76 41.26 
1.50 39.77 .32 46.12 
1.75 43.21 -3.12 50.98 
.75 32.53 7.56 34.26 
1.00 35.97 4.12 39.12 
1.25 39.41 .68 43.99 
1.50 42.85 -2.77 48.85 
1.75 46.29 -6.21 53.71 
.75 35.61 4.47 36.99 
1.00 39.06 1.03 41.85 
1.25 42.50 —2.41 46.71 
1.50 45.94 -5.85 51.57 
1.75 49.38 -9.29 56.43 
11.26 
6.39 
48.12 
54.90 
12.87 57.58 13.71 
6.09 . 66.12 5.17 
23 .11 30 .07 30.92 33 .89 37.40 
18 •  25 36 .85 24.15 42 .42 28.87 
13 .39 43 .62 17.37 50 .96 20.33 
B .53 50 .40 10.59 59 . 50 11.79 
3 .67 57 • 18 3.81 68 .03 3.26 
20 .39 32 .35 28.65 35 .80 35.49 
15 . 53 39 .12 21.87 44 .34 26.9 5 
10 .67 45 .90 ' 15.09 52 .87 18.42 
5 .81 52 .68 i
—
i to CO 61 .41 9.88 
.95 59 .46 1.54 69 .94 . 1.35 
17 .67 34 .62 26.37 37 .71 • 33.58 
12 .81 41 .40 19.59 46 .25 25.04 
7 .95 48 .18 12.81 54 .78 16.51 
3 .09 54 .96 6.04 63 .32 7.97 
-1  .77 61 .73 -.74 71 .86 ' 
-.57 
14 .95 36 .90 24.09 39 .62 31.67 
10 .09 43 .68 17.32 48 .16 23.13 
5 .23 50 .46 10.54 56 .70 14.59 
.37 57 .23 3.76 65 .23 6.06 
-4 .49 64 .01 —3 • 02 73 .77 
-2.48 
12 .23 39 .18 21.82 41 .54 29.75 
7 .37 45 .96 15.04 50 .07 21.22 
2 .51 52 .73 3.26 58 .61 12.68 
-2 .35 59 .51 1.48 67 .14 4.15 
-7 .21 66 .29 — 5.29 75 .68 4.39 
165 
the cost of the supplement valued at $3.50 per hundredweight. 
The profit above feed costs from feeding the 20:1 ration for 
140 days is $20.54. All of the other rations and feed price 
combinations are,Interpreted in a similar manner. The ex­
pected profits from feeding various non-stilbestrol rations 
for 140, 130, 120 and 90 days with various feed price assump­
tions are presented in Tables 50, 51, 52 and 53, respectively. 
With most of the feed price combinations, the greatest 
profits are obtained"when the heaviest corn ration is fed. 
However, when the price of soilage is low relative to the . 
price of corn, then the most profitable ration is a ration 
of less corn and more soilage. 
While Tables 45 through 53 show what the expected profits 
are from feeding various soilage-corn rations, for various 
periods of time with various feed price combinations, they do 
not show at least not very clearly what the optimum feeding 
period would be for any given ration and feed price combina­
tion . 
The profit functions shown In equations 53 and 59 can 
be written in general terms as: 
p £  
• ( 60) IT = ( a-j_ + a2C + a^ F + a^ C^  + agF + ag 
2 
+ a?H) (b^  + bgF + b^ T + b^ T + bgFT) 
— PqC — PpF — .2TPg — K 
where the ai's (i = 1, .. , 7) refer to the constants in the 
/ 
Table 50. Predicted total feed consumption, total weight, grade, selling price, 
total revenue, total feed costs, and net revenue for good-to-choice 
feeder steers,; weighing 850 pounds at the outset, for eight selected 
soilage-oorn non-stllbestrol rations fed for 140 days (equation 59)a 
Feed consumption^  
(lbs.) 
Ration: 
All soilage 
15,240 
• 20:1 
Soilage 
Corn 
Supplement 28 
Cost of feeder steer" $212.50 
Final weight 
Grade6 
Selling, price 
Total revenue 
Price of 
soilage 
( fc/ton) 
1.00 
Price of 
corn 
($/bu.) 
2.00 
3.00 
1,040 
Av. Standard 
$22.06 
$229.50 
Total 
feed. 
cost-1 
_LD_ 
8.32 
Net 
revenue 
($) 
8.68 
13,094 
655 • 
28 
$212.50 
1,090 
High Standard 
$23.01 
$250.84 
Total 
feed Net 
cost revenue 
(I)  _J1L_ 
15:1 10:1 
12,487 
832 
28 
$212.50 
1,103 
Low Good 
-23.28 
$256.68 
Total 
feed 
cost 
-Hi­
ll, 438 
1,144 
28 
$212.50 
1,124 
Low Good 
$23.75 
$266.80 
Net 
revenue 
Cg) 
Total 
feed Net 
cost revenue 
($) 
.75 16.02 22.32 18.09 26.09 21.74 32.57 
1.00 18.94 ' 19.40 21.81 22.37 26.85 27.45 
1.25 21.86 16.48 25.53 18.65 31.95 22.35 
1.50 24.78 13.56 29.24 14.94 37.06 17.24 
1.75 27.71 10.63 32.96 11.22 42.16 12.14 
15.94 1. 06 
.75 22.56 15.78 .. 24.34 19.84 27.46 26.84 
1.00 25.48 12.86 28.05 16.13 32.56 21.74 
1.25 28.41 9.93 31.77 12.41 37.67 16.63 
1.50 31.33 7.01 35.49 8.69 42.78 11.52 
1.75 • 34.25 4.09 39.20 4.98 47.88 6.42 
23.56 -6. 56 
.75 29.11 9.23 30.58 13.60 33.18 21.12 
1.00 32.03 6.31 34.30 ; 9.88 38.28 16.02 
O) 
G5 
4.OU 
5.00 
6.00 
7.00 
8.00 
.75 29.11 9.23 30.58 13.60 33.18 21.12 
1.00 32.03 6.31 34.30' 9.88 38.28 16.02 
1.25 34.95 3.39 38.01 6.17 43.39 10.91 
1.50 37.88 .46 41.73 2.45 48.50 5.80 
1.75 40.80 — 2 .46 45.45 -1.27 53.60 .70 
— — 31.  .18 -14.16 
.75 35.66 2.68 : 36.82 7.36 38.90 15.40 
1.U0 38.58 - .24 40.54 3.64 44.00 10.30 
1.25 41.50 -3.16 ' 44.26 ' - .08 49.11 5.19 
1.50 44.42 -6.08 47.97 -3.79 54.22 .08 
1.75 47.35 -9.01 51.69 -7.51 59.32 —5.02 
— — 38 .80 -21.80 
.75 42-20 -3.86 43.07 1.11 44.62 9.68 
1.00 i  45.13 -6.79 46.78 -2.60 49.72 4.58 
1.25 * 48.05 -9.71 50.50 -6.32 54 .83 - .53 
1.50 50.97 -12.63 54.22 -10.04 59.93 -5.63 
1.75 .53.89 : -15.  55 57.93 -13.75 65.04 -10.74 
— — 46 .42 -29.42 
.75 48.75 -10.41 49.31 -5.13 50.33 3.97 
1.00 51.67 -13.33 53.02 -8.84 55.44 -1.14 
1.25 54.59.  -16.25 56.74 -12.56 60.55 • -6.25 
1.50 57.52 -19.18 60.46 -16.28 65.65 -11.35 
1.75 60.44 -22.10 64.18 -20.00 70.76 -16.46 
— — 54 .04 -37.04 
.75 55.30 -16.96 55.  55 -11.37 . 56.05 -1.75 
1.00 58.22 -19.88 59.27 -15.09 61.16 -6.86 
1.25 61.14 -22.80 62.99 -18.81 66.27 -11.97 
1.50 64.06 -25.72 66.70 -22.52 71.37 -17.07 
1.75 66.99 -28.65 70.42 -26.24 76.48 -22.18 
WW-* 61 .66 -44.66 
.75 61.84 -23.50 61.80 -17.62 61.77 -7.47 
1.00 64.77 -26.43 65.51 -21.33 66.88 -12.58 
1.25 67.69 -29.35 69.23 — 25.05 71.99 -17.69 
1.50 70.61 -32.27 72.95 -28.77 77.09 -22.79 
1.75 73.53 -35.19 76.66 -32.48 82.20 -27.90 
T^emperature is held constant at the overall mean. 
t>The soilage and corn quantities are the same as derived in Table 35. 
°The supplement in Table 3 is fed at the rate of .2 of a pound per day. 
dThe feeder steer is valued at $25.00/cwt. 
D^erived from equation 46. 
fThe total feed cost includes the cost of corn and soilage plus 28 pounds of 
supplement valued at $2.50/cwt. 
Table 50. (Continued) 
Feed consumption 
(lbs.) 
Soilage 
Corn 
Supplement 
Cost of feeder steer 
Final weight 
Grade 
Selling price 
Total revenue 
Price of 
soilage 
(8/ton) 
Price of 
corn 
($/bu.) 
8:1 
10,768 
1,346 
28 
#212.50 
1,137 
Low Good 
$24.04 
$273.29 
Total 
feed 
cost 
J1L 
Net 
revenue (8)  
1.00 
2 - 0 0  
3.00 
4.00 
.75 24.11 36.68 
1.00 30.12 30.67 
1.25 36.13 24.66 
1.50 42.14 18.65 
1.75 48.15 12.64 
.75 29.49 31.30 
1.00 35.50 25.29 
1.25 41.51 19.28 
1.50 47.52 13.27 
1.75 53.53 7.26 
.75 34.88 25.91 
1.00 40.89 19.90 
1.25 46.90 13.89 
1.50 52.90 7.89 
1.75 . 58.91 1.88 
.75 40.26 20.53 
1.00 46.27 14.52 
1.25 52.28 8.51 
1.50 58.29 2-50 
1.75 64.30 -3.51 
Ration 
5:1 
9,176 
1,835 
28 
$212.50 
1,166 
Av. Good 
$24.75 
$288.66 
Total 
feed Net 
cost revenue ( S )  :  ( S )  
3:1 
7,296 
2,432 
28 
$212.50 
1,199 
High Good 
825.58 
$306.71 
Total 
feed Net 
cost revenue 
AIL. (*) 
2:1 
• 5,827 
2,914 
28 
$212.50 
1,222 
Low Choice 
$26.23 
$320.64 
Total 
feed Net 
cost revenue 
ill ID. 
29.87 ' 
38.06 
46.25 
54.44 
62.64 
34.45 
42.65 
• 50.84 
59.03 
67.23 
39.04 
47; 24 
55.43 
63.62 
71.81 
43 .63  
51.82 
60 .02  
68.21 
76.40 
46.29 
38.10 
29.91 
21.72 
13.52 
41.71 
33.51 
25.32 
17.13 
8.93 
37.12 
28.92 
20.73 
12.54 
4.35 
32 .53  
24.34 
16.14 
7.95 
• —. 24 
36 .92 
47 .77 
58.63 
69 .49 
80 .34 
40 .57 
51 .42 
62 .28 
73 .14 
83 .99 
44 .21 
55.07 
65 .93 
76 .78 
87 .64 
47 .86 
58 .72 
•69 .58 
80 .43 
91 .29 
57.29 
46.44 
35.58 
24.72 
13.87 
53.64 
42.79 
31.93 
21.08 
10.22 
50.00 
39.14-
28.28 
17.43 
6.57 
46.35 
35.49 
24.63 
13.78 
2.92 
42.63 
55.64 
68.65 
81.66 
94.66 
45.55 
58.56 
71.56 
84.57 
97.58 
48.46 
61.47 
74.48 
87.48 
100.49 
51.38 
64.38 
77.39 
50.40 
103.40 
65.50 
52.50 
39.49 
26.48 
13.48 
62.59 
49.58 
36.58 
23.57 
10.56 
59.68 
46.67 
33,66 
20.66 
7.65 
56.76 
43.76 
30.75 
17.74 
4.74 
5.00 
6.00 
7. OU 
8.00 
.75 40.26 20.53 43.63 
1.00 46.27 14.52 51.82 
1.25 52.28 8.51 60.02 
1.50 58.29 2.50 68.21 
1.75 64.30 —3 • 51 76.40 
.75 45.65 15.14 48.22 
1.00 51.65 9.14 56.41 
1.25 57.66 3.13 64.60 
1.50 63.67 -2.88 72.80 
1.75 69.68 -8.89 80.99 
.75 51.03 9.76 • 52.81 
1.00 57.04 3.75 61.00 
1.25 63.05 
-2.26 69.19 
1.50 69.06 -8.27 77.38 
1.75 75.06 -14.27 85.58 
.75 56.. 41 4.38 57.39 
1.00 62.42 T-1.63 65.59 
1.25 68.43 17.64 73.78 
1.50 74.,44 -13.65 81.97 
1.75 80.45 -19.66 90.17 
.75 61.80 -1.01 61.98 
1.00 67.81 -7.02 70.17 
1.25 73.81 -13.02 78.37 
1.50 79.82 -19.03 86.56 
1.75 85.83 -25.04 94.75 
32.53 47.86 46. 35 51.38 56.76 
• 24.34 58.72 35. 49 64.38 43.76 
16.14 •69.58 24. 63 77.39 30.75 
7.95 80.43 13. 78 90.40 17.74 
• —. 24 91.29 2. 92 103.40 4.74 
27.94 51.51 42. 70 54.29 53.85 
.19.75 62.37 31. 84 67.30 40.84 
11.56 73.22 20. 99 80.30 27.84 
3.36 84.08 10. 13 93.31 14.83 
-4.83 94.94 
— .  73 106.32 8.82 
23.35 55.16 39. 05 57.20 50.94 
15.16 66.01 28. 20 . 70.21 37.93 
6.97 76.87 17. 34 83.22 24.92 
-1.22 87.73 6. 48 96.22 11.92 
-9.42 98.58 -4. 37 109.23 -1.09 
18.77 58.81 35. 40 60.12 48.02 
10.57 69.66 24. 55 73.12 35.02 
, 2.38 80.52 13. 69 86.13 22.01 
-5.81 91.38 2. 83 99.14 9.00 
-14.01 102.23 —8. 02 112.14 -4.00 
14.18 62.45 ' 31. 76 63.03 45.11 
5.99 73.31 20. 90 76.04 32.10 
-2-21 84.17 10. 04 89.04 19.10 
-10.40 95.02 —— * 81 102.05 6.09 
-18.59 105.88 -11.  67 115.06 -6.92 
Table 51. Predicted total feed consumption, total weight, grade, selling price, 
total revenue, total feed costs, and net revenue for good-to-choioe 
feeder steers, weighing 850 pounds at the outset, for eight selected 
soilage-oorn non-stilbestrol rations fed for 130 days (equation 59)a 
Feed consumption^  
(lbs.) 
Ration; 
All soilage 
14,096 Soilage 
Corn 
Supplement0 26 
Cost of feeder steerd $212.50 
Final weight 
Grade® 
Selling price 
Total revenue 
Price of 
soilage 
($/ton) 
1.00 
2.00 
3.00 
4.00 
Price of 
corn 
(fr /bu.)  
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
" 1.25 
1.50 
1.75 
.75 
1.00 
1,035 
Av. Standard 
$22.22 
&230.01 
Total 
feed 
cost1 
7.70 
14.75 
21.79 
28.84 
20:1 
12,112 
606 
26 
$212.50 
1,081 
High Standard 
#23.04 
$249.17 
15:1 
11,550 
770 
26 
$212.50 ' 
1,093 
Low Good 
$23.27 
$254.41 
10:1 
10,579 
1,057 
26 
$212.50 
1,113 
Low Good 
$23.68 
$263.48 
Total Total Total 
Net : feed Net feed Net • feed Net 
revenue cost revenue cost revenue cost revenue 
( $ )  ($) ( $ )  <$> ( $ )  - { $ )  ( $ )  
9.81 
14.82 21.85 16.74 25.17 20.11 30.87 
17.52 19.15 20.18 21.73 24.83 26.15 
20.22 16.45 23.61 18.30 29.55 21.43 
22.93 13.74 27.05 14.86 34.28 16.70 
25.63 11.04 30.49 11.42 39.00 11.98 
2.76 
20.87 15.80 22.51 19.40 25.40 25.58 
23.58 13.09 25.95 15.96 30.12 20.86 
26.28 10.39 29.39 12.52 34.84 16.13 
28.98 7.69 32.83 9.08 39.57 11.41 
31.69 4.98 36.26 5.65 44.29 6.69 
-4.28 , 
26.93 9.74 28.29 13.62 30.69 20.29 
29.63 7.04 31.73 10.18 35.41 15.57 
32.34 4.33 35.16 6.75 40.13 10.85 
35.04 1.63 38.60 3.31 44.85 6.13 
37.74. -1.07 42.04 -.13 49.58 ' 1.40 
-11.33 
32.98 3.69 34.06 7.85 35.98 * ! 15.00 
35.69 .98 37.50 4.41 40.70 10.28 
H O) 
CD 
5.00 
6.00 
7.00 
8.00 
.75 32.98 3.69 34.06 7.85 35.98 15.00 
1.00 35.69 .98 37.50 4.41 40.70 10.28 
1.25 38.39 -1.72 40.94 .97 45.42 5.56 
1.50 41.10 -4.43 44.38 -2.47 50.14 .84 
1.75 43.80 -7.13 47.81 -5.90 54.87 -3.89 
— — 35, ,89 -18 .38 
.75 39.04 
-2.37 39.84 2.07 41.27 9.71 
1.00 41.74 -5.07 43.28 -1.37 45.99 4.99 
1.25 44.45 -7.78 46.71 -4.80 50.71 .27 
1.50 47.15 -10.48 50.15 -8.24 55.43 -4.45 
1.75 49.86 -13.19 53.59 -11.68 60.16 -9.18 
-w — 42 .94 -25 .43 
.75 45.10 -8.43 45.61 -3.70 46.55 4.43 
1.00 47.80 -11.13 49.05 -7.14 51.28 -.30 
1.25 50.50 -13.83 52.49 -10.58 56.00 -5.02 
1.50 53.21 -16.54 55.93 -14.02 60.72 -9.74 
1.75 55.91 -19.24 59.36 -17.45 65.45 -14.47 
•N 49 .99 -32 
CO 
.75 51.15 -14.48 51.39 -9.48 51.84 -.86 
1.00 53.86 -17.19 54.83 -12.92 56.57 -5.59 
1.25 56.56 -19.89 . 58.26 -16.35 61.29 -10.31 
1.50 59 . 26 -22.59 61.70 -19.79 66.01 -15.03 
1.75 61.97 -25.30 65.14 -23.23 70.73 -19.75 
— — 57 .03 -39 .52 
, .75 57.21 -20.54 57.16 -15.25 57.13 -6.15 
1.00 , 59.91 -23.24 60.60 -18.69 61.86 —10.88 
1.25 62.62 -25.95 64.04 
-22.13 66.58 -15.60 
1.50 65.32 -28.65 67.48 -25.57 71.30 -20.32 
1.75 68.02 .—31.35 70.92 -29.01 76.02 -25.04 
aTemperature is held constant at the overall mean. 
T^he soilage and corn quantities are the same as derived in Table 35. 
°The supplement in Table 3 is fed at the rate of .2 of a pound per day. 
&The feeder steer is valued at $25.00/cwt. 
D^erived from equation 46. 
' *The total feed cost includes the cost of corn and soilage plus 26 pounds 
of.supplement valued at $2.50/cwt. 
Table 51. (Continued) 
Feed consumption 
(lbs.) 
Soilage 
Co rn 
Supplement 
Cost of feeder steer 
Final weight 
Grade 
Selling price 
Total revenue 
Price of 
soilage 
( iii>/ton) 
Price of 
corn 
($/bu.) 
8:1 
9,957 
1,245 
26 
#212.50 
1,125 
Low Good 
#23.95 
$269.29 
To tal 
feed Net 
cost revenue 
_iii_ ( i )  
1.00 
2.00 
3.00 
.75 22.30 34.49 
1.00 27.85 28.94 
1.25 33.41 23.38 
1.50 38.97 17.82 
1.75 44.52 12.27 
.75 27.28 29.51 
1.00 32.83 23.96 
1.25 38.39 18.40 
1.50 43.95 12.84 
1.75 49.50 7-29 
.75 32.25 24.54 
1.00 37.81 18.98 
1.25 43.37 13.42 
1.50 48.92 7.87 
1.75 •' 54.48 2.31 
Ration: 
5:1 3:1 2:1 
8,481 6,737 5,375 
1,696 2,246 2,687 
26 26 26 
$212.50 $212.50 #212.50 
1,153 1,184 1,207 
Av. Good High Good Low Choice 
.  $24.55 $25.27 025.84 
$283.07 $299.28 $311.80 
Total 
feed Net 
cost revenue 
(0)  ($)  
Total 
feed Net. 
cost revenue 
(8)  (S)  
Total 
feed Net 
cost revenue 
($) ($) 
27.61 
35.18 
42.75 
50.32 
57.90 
31.85 
39.42 
46.99 
54 .  56 
62.14 
36.09 
43.60 
51.23 
58.80 
66.38 
42.96 
35.39 
27.82 
20.25 
12.67 
38.72 
31.15 
23.58 
16.01 
8.44 
34.48 
26.91 
19.34 
11.77 
4.19 
34.09 
44.12 
54.14 
64.17 
74.19 
37.46 
47.49 
57.51 
67.53 
77.56 
40.83 
50.85 
60.88 
70.90 
80.93 
52.69 
.42.66 
32.64 
22.61 
12.59 
49.32 
39.29 
29.27 
19.25 
9.22 
45.95 
35.93 
25.90 
15.88 
5.85 
39.33 
51.33 
63.33 
75.32 
87.32 
42.02 
54.01 
66.01 
78.01 
90.01 
44.70 
56.70 
68.70 
80.70 
92.69 
59.97 
47.97 
35.97 
23.98 
11.98 
57.28 
45.29 
33.29 
21.29 
9.29 
54.60 
42.60 
30.60 
18.60 
6.61 
4.00 
5.00 
6.00 
7.00 
8.00 
1.75 ' 54.48 2.31 
CO co 
.38 
.75 37.23 19.56 40 .33 
1.00 42.79 14.00 47 .90 
1. b5 48.35 8.44 55 .47 
1.50 53.90 2.89 63 .04 
1.75 59.46 . 2^.67 70 . 62 
.75 42-21 14.58 44 .57 
1.00 47.77 9.02 52 .14 
1.25 53.32 3.47 59 .71 
1.50 58.88 
-2.09 67 .28 
1.75 • 64.44 -7.65 74 .86 
.75 47.19 9.60 48 .81 
1.00 52.75 4,04 56 .38 
1.25 58.30 -1. 51 63 .95 
1.50 63.86 -7.07 71 .53 
1.75 • 69.42 
-12.63 79 .10 
.75 52.17 4.62 53 .05 
1.00 57.73 -.94 60 .62 
1.25 63/28 -6.49 68 .19 
•1.50 68.84 ->12.05 75 .77 
1.75 . 74.39 -17.60 83 .34 
.75 57.15 -.36 57 .29 
1.00 62.70 -5.91 64 .86 
1.25 68.26 -11.47 72 .43 
1.50 73.82 -17.03 80 .01 
1.75 79.37 
-22.58 87 .58 
4.19 
30.24 
22.67 
15.10 
7.53 
-.05 
26.00 
18.43 
10.86 
3.29 
-4.29 
21.76 
14.19 
6 . 6 2  
-.96 
-8.53 
17.52 
9.95 
• 2.38 
-5.20 
-12.77 
13.28 
5.71 
-1.86 
-9.44 
-17.01 
80.93 
44.20 
54.22 
64.25 
74.27 
84.30 
47.57 
57.59 
67.61 
77.64 
87.66 
50.93 
60.96 
70.98 
81.01 
91.03 
54.30 
64.33 
74.35 
84.38 
94.40 
57.67 
67.69 
77.72 
87.74 
97.77 
5.85 
42.58 
32.56 
22.53 
12.51 
2.48 
39.21 
29.19 
19.17 
9.14 
- . 8 8  
35.85 
25.82 
15.80 
5.77 
—4.25 
32.48 
22.45 
12.43 
2.40 
-7.62 
29.11 
19.09 
' 9.06 
-.96 
-10.99 
92.69 
47.39 
59.39 
71.39 
83.38 
95.38 
50.08 
62.08 
74.07 
86.07 
98.07 
52.77 
64.76 
• 76.76 
88.76 
100.76 
55.45 
67.45 
79.45 
91.45 
103.44 
58.14 
70.14 
82.14 
94.13 
106.13 
6.61 
51.91 
39.91 
27.91 
15.92 
3.92 
49.22 
37.22 
25.23 
13.23 
1.23 
46.53 
34.54 
22.54 
10.54 
—1.46 
43.85 
31.85 
19.85 
7.85 
-4.14 
41.16 
29.16 
17.16 
5.17 
-6.83 
Table 52. Predicted total feed consumption, total weight, grade, selling price, 
total revenue, total feed costs, and net revenue for good-to-choice 
feeder steers, weighing 850 pounds at the outset, for eight selected 
soilage-oorn non-stllbestrol rations fed for 120 days (equation 59)a 
Feed consumption*3 lon i 
(lbs.) 
Ration: 
Soilage 
Corn 
Supplement0 
Cost of feeder steer" 
Final weight 
Grade® 
Selling price 
Total revenue 
Price of 
soilage 
(&/ton) 
1.00 
2.00 
3.00 
4.00 
All soilage 
12,960 
24 
#212.50 
1,029 
Av . Standard 
$22.38 
.$230.24 
Total 
20:1 
11,138 
557 
24 
' $212.50 
1,072 
High Standard 
$23.08 
$247.33 
15:1 
Total 
10,621 
708 
24 
$212.50 
. 1,082 
High Standard 
$23.28 
$251.99 
10:1 
Total 
9,726 
973 
24 
$212.50 
1,101 
Low Good 
$23.63 
$260.06 
Total 
Price of feed Net feed Net feed Net feed Net 
corn cost1 revenue cost rev enue cost revenue cost revenue 
($/bu.) ($) ($) ( $ )  ($) .  ( $ )  ($) ( $ )  ($) 
7.08 10.66 
.75 13.63 21.21 15.39 24.10 18.49 29.07 
1.00 16.11 18.72 18.55 20.94 22.83 24.72 
1.25 18.60 16.23 21.71 17.77 27.17 . 20.38 
1.50 21.04 13.75 24.88 14.61 31.51 16.04 
1.75 23.57 11.26 28.04 11.45 35.86 . 11.70 
— — 13.56 4.18 
.75 19.20 15.64 20.70 18.79 23.3 5 24.20 
1.00 21.68 13.15 23.86 15.62 27.69 19.86 
1.25 24.17 10.67 27.03 12.46 32.04 15.52 
1.50 26.65 8.18 30.19 9.30 36.38 11.18 
1.75 29.14 5.69 33.35 6.14 40.72 68.35 
•e 20.04 -2.30 
.75 24.76 10.07 26.01 13.48 28.21 19.34 
1.00 27.25 7.58 29.17 10.31 32.56 15.00 
1.25 29.74 5.o0 32.34 7.15 36.90 10.66 
1.50 32.22 2.61 35.50 3.99 41.24 6.31 
1.75 34.71 .12 38.66 .83 45.58 1.97 
26.52 
CO t> CO 1 
S3.08 
.75 30.33 4.50 31.32 8.17 14.48 
1.00 32.82 2.01 34.49 5.00 37.42 10.14 
5.00 
6 .00  
7.00 
8.00 
l .UU 32.82 2.01 34.49 5.00 37.42 10.14 
1.25 35.31 - .47 37.65 1.84 41.76 5.79 
1.50 37.79 -2.96 40.81 —1.32 46.10 1.45 
1.75 40.28 -5.44 43.97 —4.48 50.45 -2.89 
— — 33.00 r-15.26 
.75 35.90 -1.07 36.63 2.85 37.94 9.61 
1.00 ' 38.39 -3.55 39 .80 '— .31 42.28 5.27 
1.25 40.87 -6.04 42.96 -3.47 46.62 .93 
1.50 43.36 -8.53 46.12 -6.63 50.97 -3.41 
1.75 45.85 -11.01 49.28 -9.79 . 55.31 -7.75 
—  —  39.48 -21.74 
.75 41.47 -6.64 41.94 —2 «46 42.80 4.75 
1.00 43.96 -9.12 45.11 -5.62 47.15 .41 
1.25 46.44 -11.61 48.27 -8.78 51.49 -3.93 
1.50 48.93 -14.10 51.43 -11.94 55.83 -8.27 
1.75 51.42 -16.58 54.59 -15.10 60.17 -12.62 
— —  45.96 -28.22 
.75 47.04 -12.21 47.26'  -7.77 47.67 - .11 
1.00 49.53 -14.69 50.42 -10.93 52.01 -4.45 
1.25 52.01 -17.18 53.58 -14.09 56.35 -8.80 
1.50 54.50 -19.66 56.74 -17.25 60.69 -13.14 
1.75 56.98 —22.15 59.90 -20.41 • 65.03 -17.48 
»•• — 52.44 -34.70 
.75 52.61 -17.78 52.57 -13.08 52.53 -4.97 
1.00 55.10 -20.26 55.73 -16.24 56.87 -9.32 
1.25 57.58 -22.75 58.89 -19.40 61.21 -13.66 
1.50 60.07 -25.23 62.05 -22.56 65.56 -18.00 
1.75 62.55 -27.72 65.21 -25.72 69.90 -22.34 
^Température is held constant at the overall mean. 
'^The soilage and corn quantities are the same as derived in Table 35. 
< ' n • 1 
°The supplement in Table 3 is fed at the rate of .2 of a pound per day. 
dThe feeder steer is valued at #25.00/cwt. 
^Derived from equation 46. 
fThe total feed cost includes the cost of corn and soilage plus 24 pounds 
of supplement valued at #2.50/cwt. 
Table 52. (Continued) 
Feed consumption 
(lbs.) 
Soilage 
Corn 
Supplement 
Cost of feeder steer 
Final weight 
Grade® 
Selling price 
Total revenue 
Price of 
soilage 
8:1 
9,153 
1,144 
24 
#212.50 
1,112 
Low Good 
#23.85 
#265.22 
1.00 
2.00 
3.00 
Total 
Price of feed Net 
corn cost revenue 
(#/bu.) (1) (#) 
.75 20.50 32.22 
1.00 25.61 27.12 
1.25 30.71 22.01 
1.50 35.82 16.90 
1.75 40.93 11.79 
.75 25.08 27.65 
1.00 30.18 . 22.54 
1.25. •35.29 17.43 
1.50 40.40 12.33 
1.75 45.51 7.22 
.75 29.65 i23.07 
1.00 34.76 . 17.96 
1.25 39.87 • 12.86 
1.50 44.98 . 7.75 
• 1.75 50.08 • 2-64 
4.00 
Ration; 
5 :l 3: 1 2: 1 
7 ,792 6, 134 4, 929 
1 ,558 2, 061 2, 464 
24 • 24 24 
#212.50 #212.50 #212.50 
1 ,138 1, 168 1, 189 
Av. Good High Good High Good 
$24.38 #25.00 #25.49 
#277.50 #291.94 #303.12 
Total Total Total 
feed Net feed Net feed Net 
cost revenue cost revenue cost revenue 
: ( # )  (#) ( # )  (#) (#) (#) 
25.37 39.63 31.30 48.14 36.07 54.55 
32.32 32.67 40.50 38.94 47.07 43.55 
39.28 25.72 49.70 29.74 58.07 32.55 
46.24 18.76 58.90 20.54 69.07 21.55 
53.20 11.80 68.10 11.34 80.07 10.54 
29.26 35.73 34.39 45.05 38.53 52.09 
36.22 28.78 ' 43.59 35.85 49.53 41.08 
43.18 21.82 52.79 26.65 60.54 30.08 
50.13 14.86 61.99 17.45 71.54 19.08 
57.09 7.91 71.20 8.24 82.54 8.08 
33.16 31.84 37.48 41.96 41.00 49.62 
40.12 24.88 46.68 32.76 52.00 38.62 
47.07. 17.92 55.88 23.56 63.00 27.62 
54.03 10.97 65.09 14.35 74.00 16.62 
60.99 4.01 74.29 '• 5.15 85.00 5.62 
4.00 
5.00 
6.00 
7-. 00 
8 .00  
• 1.7b 
,75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
.75 
1.00 
1.25 
1.50 
1.75 
50.08 
34.23 
• 39.34 
44.44 
49.55 
54 . 66 
38.81 
43.91 
49.02 
54.13 
59.24 
43.38 
48.49 
53.60 
58.70 
63.81 
47.96 
53.07 
58.17 
63.28 
68.39 
52.53 
57.64 
62.75 
67.86 
72.97 
2.64 
18.50 
13.39 
8.28 
3.17 
-1.93 
13.92 
8.81 
3.70 
-1.40 
-6.51 
9.34 
4.24 
-.87 
-5.98 
-11.09 
4.77 
-.34 
-5.45 
—10.56 
-15.66 
.19 
-4.92 
-10.02 
-15.13 
-20.24 
60.99 
37.06 
44.01 
50.97 
57.93 
64.88 
40.95 
47.91 
54.87 
61.82 
68.78 
44.85 
51.80 
58.76 
65.72 
72.68 
48.74 
55.70 
62.66 
69.61 
76.57 
52.64 
59.60 
66.55 
73.51 
80.47 
4.01 
27.94 
20.98 
14 .03 
7.07 
.11 
24.05 
17.09 
10.13 
3.17 
-3.78 
20.15 
13.19 
6.24 
-.72 
-7.68 
16.25 
9.30 
2.34 
-4.62 
-11.57 
12.35 
5.40 
-1.56 
-8.51 
-15.47 
74.29 
40.57 
49.77 
58.98 
68.18 
77.38 
43.66 
52.87 
62.07 
71.27 
80.47 
46.76 
55.96 
65.16 
74.36 
83.56 
49.85 
59.05 
68.25 
77.45 
86.66 
52.94 
62.14 
71.34 
80.55 
89.75 
'• 5.15 
38.87 
29.67 
20.46 
11.26 
2.06 
35.78 
26.57 
17.37 
8.17 
-1.03 
32.68 
23.48 
14.28 
5.08 
-4.12 
29.59 
20.39 
11.19 
1.99 
-7.21 
26.50 
17.30 
8.10 
-1.10 
-10.31 
85.00 
43.46 
54.46 
65.46 
76.47 
87.47 
45.93 
56.93 
67.93 
78.93 
89.93 
48.39 
59.39 
70.39 
81.39 
92.40 
50.85 
61.86 
72.86 
83.86 
94 . 86 
53.32 
64.32 
75.32 
86.32 
97.32 
5.62 
47.16 
36.16 
25.15 
14.15 
3.15 
44 .69 
33.69 
22.69 
11.69 
6.87 
42.23 
31.23 
20.23 
9.22 
-1.78 
39.76 
28.76 
17.76 
6.76 
-4,24 
37.30 
26.30 
15.30 
4.29 
-6.71 
Table 53. Predicted total feed consumption, total weight, grade, selling price, 
total revenue, total feed costs, and net revenue for good-to-choioe . 
feeder steers, weighing 850 pounds at the outset, for eight selected 
soilage-oorn noh-stilbestrol rations fed for 90 days (equation 59)a 
Feed consumption*3 Ration 
(lbs. > All soilage 20 si 15:1 10:1 
Soilage 9, 605 8 ,257 7 ,873 7 ,207 
Corn — 413 525 721 
Supplement0 18 18 18 18 
Cost of feeder steer" $212 .50 $212.50 $212.50 $212.50 
Final weight 
Grade® 
1,001 
Av. Standard 
1 
High 
,033 
Standard 
1 
High 
,041 
Standard 
1 
High 
,055 
Standard 
Selling price $22.90 $23.31 $23.42 - $23.63 
$249.31 Total revenue 0229 .27 $240.81 $243.92 
Total Total To tal Total 
Price of Price of feed Net feed Net feed Net feed Net 
soilage corn cost1 revenue cost revenue cost revenue cost revenue 
($/ton) ($/bu.) m ($) m ($) ($) ($) ($) ($) 
1.00 5.25 11.51 
.75 , 10.11 18.21 11.42 20.01 13.71 23.11 
1.00 11.95 16.36 13.76 17.66 16.92 19.89 
1.25 13.79 14.52 16.10 15.32 20.14 16.67 
.1.50 15.64 12.68 18.45 12.98 23.36 13.46 
1.75 17.48 10.83 20.79 10.63 26.57 " 10.24 
2.00 •• 10.06 6.71 
.75 14.24 14.08 15.35 16.07 17.31 19.50 
1.00 16.08 12.23 17.70 13.73 20.53 16.29 
1.25 . 17.92 10.39 20.04 11.38 23.74 13.07 
1.50 • 19.77 8.55 22.38 9.04 26.96 9.85 
1.75 21.61 6.70 24.73 6.70 30.18 6.64 
3.00 — 14.86 1.91 
.75 18.37 9.95 19.29 12.13 20.91 15.90 
1.00 20.21 8.11 21.63 9.79 24.13 12.68 
1.25 22.05 6.26 23.98 7.45 27.35 9.47 
1.50 23.89 4.42 26.32 5.10 30.56 6.25 
1.75 '25.74 2.58 28.66 2.76 33.78 3.03 
4.00 — — 19.66 -2.89 
.75 
i nn 
22.49 
• nA *Z A 
5.82 
a no 
23.23 
n c. en 
8.20 
e. n c 
24.51 12.30 
4.00 
5.00 
6 .00  
7.00 
8.00 ' 
— 19.66 -2.89 
.75 22.49 5.82 23.23 8.20 24.51 12.30 
1.00 ' 24.34 3.98 25.57 5.85 27.73 9.08 
1.25 26.18 2.13 27.91 3.51 30.95 5.86 
1.50 <18 .02 .29 30.25 1.17 34.17 2.65 
1.75 29.87 -1.55 32.60 -1.18 37.38 -.57 
-W — 24.46 -7.70 
.75 26.62 1.69 27.16 4.26 28.12 8.69 
1.00 28.47 -.15 29.51 1.92 31.34 5.48 
1.25 30.31 -1.99 31.85 - .43 34.55 2.26 
1.50 32.15 -3.84 34.19 -2.77 37.77 -.96 
1.75 34.00 -5.68 36.53 -5.11 40.99 -4.17 
' — — 29.26 -12.50 
.75 30.75 -2.44 31.10 .32 31.72 5.09 
1.00 32-59 —4.28 33.44 -2.02 34.94 1.87 
1.25 34.44 -6.12 35.78 -4.36 38.16 -1.34 
1.50 36.28 -7.97 38.13 -6.70 41.37 -4.56 
1.75 38.12 -9.81 40.47 -9 .05 44.59 -7.78 
— 34.07 -17.30 
.75 . 34.88 -6.57 35.03 -3.61 35.32 1.49 
1.00 36.72 -8.41 37.38 -5.96 38.54 -1.73 
1.25 38.57 -10.25 39.72 -8.30 41.76 -4.95 
1.50 40.41 -12.10 42.06 -10.64 44.98 —8 «16 
1.75 42.25 -13.94 44.41 -12.98 48.19 -11.38 
— —  38.87 -22.10 
.75 39.01 -10.69 38.97 -7.55 38.93 
-2.12 
1.00 40.85 -12.54 41.31 -9.89 42.15 -5.33 
1.25 42. 70 -14.38 43.66 -12.23 45.36 -8.55 
1.50 44.54 -16.22 46.00 -14.58 48.58 
-11.77 
1.75 46.38 -18.07 48.34 -16.92 51.80 -14.98 
^Temperature is held constant at the overall mean. 
^The soilage and corn quantities ere the same as derived in Table 35. 
°The supplement in Table 3 is fed at the rate of .2 of a pound per day. 
dThe feeder steer is valued at $25.00/cwt. 
^Derived from equation 46. 
^The total feed cost includes the cost of corn and soilage plus 18 pounds 
of supplement valued at $2.50/cwt. 
Table 53. (Continued) 
Feed consumption 
(lbs.) 
Soilage 
Corn 
Supplement 
Cost of feeder steer 
Final weight 
Grade 
Selling price 
Total revenue 
Price of 
soilage 
(&/ton) 
Price of 
corn 
(#/bu.) 
8:1 
6,779 
847 
18 
$212.50 
1,064 
High. Standard 
$23.76 
$252.77 
Total 
feed Net 
cost revenue 
. ($) 
1.00 
2 - 0 0  
3.00 
4-00 
.75 15.19 25.08 
1 .00 18.97 21.30 
1 .25 22.75 17.51 
1 .50 26.54 13.73 
1 .75 30.32 9.95 
.75 18.58 21.69 
1 .00 22.36 17.91 
1 .25 26.14 14.13 
1 .50 29.93 10.34 
1 .75 33.71 6.56 
.75 21.97 18.30 
1 .00 25.75 14.52 
1 .25 29.53 10.74 
1 .50 33.32 6.95 
1 .75 37.10 . 3.17 
.75 25.36 14.91 
1 .00 29.14 11.13 
1 .25 32-92 7.35 
1 .50 36.71 3.56 
1 .75 40.49 —« 22 
Ration: 
5: 1 3: 1 2: 1 
5, 763 4, 561 3, 625 
. 1, 153 1, 520 1, 812 
18 18 18 
$212,50 $212.50 $212 .50 
1, 085 1, 108 1, 126 
Low Good Av. Good Av. Good 
$24.06 $24.43 $24 .71 
$260.98 $270.67 $278.17 
Total To tal Total 
feed Net feed . Net feed Net 
cost revenue cost revenue cost revenue 
($) (8) m ($) ($) ($) 
18.77 29.72 23.09 35.08 26.53 39.14 
23.91 24.57 29.88 28.29 34.62 31.05 
29.06 19.43 36.66 21.50 42.72 22.96 
34.20 14.28 43.45 14.71 50.81 14.87 
39.35 9.14 50.24 7.93 58.90 6.78 
21.65 26.84 25.37 32.80 28.35 37.33 
26.79 21.69 32.16 26.01 36.44 29.24 
31.94 16.55 38.95 19.22 44.53 . 21.15 
37.08 11.40 45.73 12.43 52.62 13.06 
42.23 6.25 52.52 5.65 60.71 4.97 
24.53 23.95 27.65 30.51 30.16 35.52 
29.67 18.81 34 .44 23.73 38.25 27.42 
34.82 13.66 41.23 16.94 46.34 19.33 
39.96 8.52 48.01 10.15 54.43 11.24 
45.11 3.37 54.80 3.37 62.52 3.15 
27.41 21.07 29.93 28.23 31.97 33.70 
32.56 15.93 36.72 21.45 40.06 25.61 
37.70 10.78 43.51 14.66 48.15 17.52 
42.85 5.64 50.29 7.87 56.24 9.43 
47.99 .49 57.08 1.09 64.33 1.34 
vJ 
5.00 
6 .00  
7.00 
8.00 
. CO CO .  oo x<±.»X 
1.00 29.14 11.13 32.56 
1.25 32-92 7.35 37.70 
1.50 36.71 3.56 42.85 
1.75 40.49 -.22 47.99 
.75 28.75 11.52 30.29 
1.00 32.53 7.74 35.44 
1.25 36.31 3.96 40.58 
1.50 40.10 .17 45.73 
1.75 43.88 -3.61 50.87 
.75 32.14 8.13 33.17 
1.00 35.92 4.35 38.32 
1.25 39.70 .57 43.46 
1.50 43.49 -3.22 48.61 
1.75 47.27 -7.00 53.75 
.75 3 5.53 4.74 36.05 
1.00 39.31 .96 41.20 
1.25 43.09 -2.82 46.35 
1.50 46.88 -6.61 51.49 
1.75 50.66 -10.39 56.64 
.75 38.92 1.35 38.94 
1.00 42-70 —2.43 44.08 
1.25 46.48 -6.21 49.23 
1.50 50.26 -10.00 54.37 
1.75 54.05 -13.78 59.62 
&JL • UY 
15.93 
10.78 
5.64 
.49 
18.19 
13.05 
7.90 
2.76 
-2.39 
15.31 
10.17 
5.02 
—. 13 
-5.27 
12.43 
7.28 
2.14 
-3.01 
—8 *15 
9.55 
4.40 
-.74 
-5.89 
-11.03 
«y ,yo 
36.72 
43.51 
50.29 
57.08 
32.21 
39.00 
45.79 
52.57 
59.36 
34.49 
41.28 
48.07 
54.85 
61.64 
36.77 
43.56 
50.35 
57.13 
63.92 
39.05 
45.84 
52.63 
59.41 
66.20 
21.45 
14.66 
7.87 
1.09 
25.95 
19.17 
12.38 
5.59 
-1.19 
23.67 
16.89 
10.10 
3.31 
-3.47 
21.39 
14.61 
7.82 
1.03 
-5.75 
19.11 
12.33 
5.54 
-1.25 
—8.03 
<31.y v 
40.06 
48.15 
56.24 
64.33 
33.78 
41.87 
49.96 
58.06 
66.15 
35.60 
43.69 
51.78 
59.87 
67.96 
37.41 
45.50 
53.59 
61.68 
69.77 
39.22 
47.31 
55.40 
63.49 
71.58 
aa.yu 
25.61 
17.52 
9.43 
1.34 
31.89 
23.80 
15.71 
7.62 
-.47 
30.08 
21.99 
13.90 
5.81 
-2.28 
28.27 
20.18 
12.08 
3.99 
-4.10 
26.45 
18.36 
10.27 
2.18 
—5.91 
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total weight equations and b^'s (i = 1, .5) refer to the 
constants in the price equations. Since there exists a cer­
tain relationship between feed inputs and time as specified 
by the soilage consumption functions, then in order to max­
imize profits they must be maximized subject to the condi­
tions specified by the soilage consumption functions. With 
this restriction the profit function, equation 60, can be 
written as: 
o o 
( 61 ) TT* = ( a-^ + a<pC + a^F + a^C + a^F •+• agCF 
+ a»pH) ( b^ + OgF + b^T + b^T +• bgFT) 
— PqG — PpF — .2TPQ — K — X_ ( F — c^C 
- CgT - c3C2 - c^T2 - CgCT - CgH) 
where \ is an undetermined Lagrange multiplier and the 
Cj_'s (i = 1, 5) are the constants in the soilage con­
sumption functions. 
If the ration equation is defined as: 
(62) p =C0 
then 
(63) C = CÛF. 
Now by substituting CO F for C in the profit function, equa­
tion 61, it will be possible to determine the optimum feeding 
period for any given ration and the quantities of corn and 
soilage that will be fed during this optimum feeding period. 
Thus, the profit function, equation 61, can now be written as 
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(64) 7T = [(a4C02 + a5 + aga))F2 + (a£OJ + a3)F 
+ a-^ + a»pHj ^1 ^2^ "** ^3^* t>4T + bgFîj 
- (PGûJ + Pf) F  - .2TPg - K - X[(l > OjCJ ) F  
- C2T - CgO) 2F2 - C4T2 - C50J FT - C6H] . 
Maximization of the profit function subject to the con­
ditions of the soilage consumption function results in the 
following set of necessary conditions: 
(65) = [( a4OJ 2 + a5 + a^W ) F2 + (&2<U) + a3)F 
+ ai + a7n] ^b2 + o5T] + ^  + b2F + b3T 
t b4T + bgFTj J^2( a^CO 2 + ag + Sg CO ) F 
+ (9-gCO + a^ jj - (PqùJ + Pp) - jTl - CjCO )\ 
— 2CgCO X. F — o pLO X T~| = 0 
( 66 ) g q, = £( a4C0 + a^ + a^Ci) )F2 + ( a<gCO + a3 ) F 
+ a_2 + a7nj j~b3 + 2b4T + b5Fj - . 2Pg 
- [j-Xcg - 2c4X T2 - C&0)FXJ =0. 
There are now three equations ( the soilage consumption 
function and equations 65 and 66) and three unknowns (F, T 
and X) and. the solution of these equations will determine the 
optimum feeding time and the quantity of soilage (F) that 
will be fed given the ration CO and the feed price combination. 
If corn is included in the ration, then the quantity of corn • 
that will be fed can be determined from the ration equation 
63. Once the optimum feeding period and the quantities of 
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soilage and corn have been determined it is possible to deter­
mine also what the profits will be for this optimum feeding 
•period by substituting the values of soilage (F), corn (C) 
and time (T) into the profit equation (either equation 58 or 
equation 59 depending on whether or not stilbestrol has been 
fed in the ration). • * 
For any given soilage-corn ration and feed price com­
bination, the optimum feeding period is limited by the pasture 
growing season which is approximately 140 days in length. 
Therefore, for any given soilage-corn ration and feed price. 
combination, the optimum feeding period can not exceed the 
pasture growing season. 
The optimum feeding period for the 20:1 soilage-corn 
stilbestrol ration with soilage valued at $6.00 per ton and 
corn valued at $1.00 per bushel is a feeding period of 28 
days. During this feeding period of 28 days 2,139 pounds of 
soilage, 107 pounds of corn and 5.6 pounds of supplement 
would be fed. The profit at the end of the 28 day feeding 
period is predicted to be 28 cents which is the maximum 
amount of profit that may be expected from feeding the 20:1 
soilage-corn ration with soilage valued at $6.00 per ton and 
corn valued at $1.00 per bushel. 
The optimum feeding period for the 20:1 soil'age-corn 
stilbestrol ration with different feed price assumptions 
could be solved in a similar manner• Moreover, the same 
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procedure could be applied to all possible soilage-corn 
rations either with or without stilbestrol. 
While the above procedure can be used to determine what 
the optimum feeding period would be for any given soilage-
corn ration and feed price combination, it does not, however, 
specify what is the optimum soilage-corn ration. In order to 
determine the optimum soilage-corn ration one additional 
necessary condition must be added to the necessary conditions 
above (i.e., equations 65 and 66). This additional necessary 
condition is: 
(67) -|2L = [bx + bgF + b3I + b4I2 + beFl] [2a4CU F8 
+ agF + agFj — PqF — |~- c-^X F — 2c-^C0 X F 
- c5XFT]] = °* 
There are now four equations (the soilage consumption 
function and equations 65, 66 and 67) and four unknowns (F, T, 
X and CO). The solution of these equations will determine 
the optimum ration, the optimum feeding time and the quantity 
of soilage (F) that will be fed. Once the quantity of soil­
age and the ration CO have been determined the quantity of 
corn that will be fed is readily determined from the ration 
equation 63. 
For any given feed price combination the optimum ration 
is limited by the 2:1 soilage-corn ration. Rations of less 
than 2 parts soilage to 1 part corn are outside the limits 
of this studyTherefore, the optimum ration can not be less 
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than 2 parts soilage to 1 part corn and the optimum feeding 
period can not exceed the pasture growing season which is 
approximately 140 days. 
The optimum soilage-corn stilbestrol ration and the 
optimum feeding period with soilage valued at $6.00 per ton 
and corn valued at §1.00 per bushel is the 2:1 soilage-corn 
ration fed for the entire pasture season or 140 days. The 
profit is predicted to be $46.45. 
The optimum soilage-corn stilbestrol ration and the 
optimum feeding period could also be determined for differ­
ent feed price assumptions. Also, the optimum soilage-corn 
ration and the optimum feeding period for the non-stllbestrol 
soilage-corn rations under various feed price.assumptions 
would be determined in identically the same manner as they 
were for the stilbestrol rations. 
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SUMMARY AND CONCLUSIONS 
Relatively little is known of how pasture forages and 
corn substitute for each other in a beef fattening enterprise. 
Yet without such information it is difficult to determine 
which combination of pasture forage and corn should be fed 
if profits are to be maximized. Profit maximization in a 
beef fattening enterprise depends not only upon the cost of 
feed but also upon the time of marketing. The pasture 
forage-corn ration that minimizes costs may not necessarily 
be the ration that maximizes profits since profits are also 
affected by the time of marketing. During the beef fatten­
ing period both the quality and the price of beef are subject 
to change. Consequently, the beef cattle feeder is con­
fronted with the problem of selecting the least-cost pasture 
forage-corn ration that will place the beef cattle on the 
market finished to a grade at the time when the expected 
market price is such as to maximize profits. 
A beef feeding experiment was specially designed to 
determine the feed relationships of soilage (fresh-chopped 
pasture forage) and corn. The experiment was conducted at 
two locations over a period of three years, 1957, 1958 and 
1959. Six different soilage-corn rations from all soilage 
to 2 parts soilage and 1 part corn were fed to different 
lots of feeder steers at each location. The rations at each 
location were also fortified with a feed supplement. At one 
180 
of the locations stilbestrol was included in the rations 
whereas at the other location no stilbestrol was fed. The 
results of this feeding experiment are based on the per­
formance of 336 head of good-to-choice feeder steers. 
Input-output relationships and substitution rates were 
derived from multiple regression equations for the stilbestrol 
rations, the non-stllbestrol rations and the stilbestrol and 
non-stllbestrol rations combined. Several alternative regres­
sion equations were used in this study, Including quadratic, 
modified Cobb-Douglas and exponential functions. In each of 
the above functions an attempt has been made to remove the 
effects of autocorrelation by estimating an autocorrelation 
coefficient and then making an autoregressive transformation. 
While the quadratic functions gave better results than 
either the modified Cobb-Douglas or the exponential, more 
research is needed in order to determine which functions are 
the best under different situations. In some cases the 
modified Cobb-Douglas function gave good results, while in 
other cases, the function gave Increasing returns to scale 
denoting that a small proportional increase in the quantity 
of feed fed results in a more than proportionate increase in 
beef gain. These results are inconsistent with nutrition and 
production theory. The exponential functions, which merit 
further research, gave sigmoid 1soquant contours denoting 
first increasing marginal rates of substitution between feeds 
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and then decreasing marginal.rates of substitution- Again 
these results are inconsistent with nutrition and production 
logic. 
The quadratic production functions for rations with 
stilbestrol, without stilbestrol and the aggregate function 
with the stilbestrol and non-stilbestrol rations combined are: 
I. With stilbestrol 
G = .11637150C + .02316051F - .0000049955C2 
- .0000007455F2 + .0000000374CF - 1.2236046H 
II. Without stilbestrol 
G = .149718120 + .02128774F - .0000122612C2 
- .0000007455F2 - .0000037907CF - 2.2005042H 
III. The aggregate function 
G = .136287270 + .02193828F - .00000819C2 
- .00000063F2 - .00000253CF - 1.75011550H. 
In these equations G refers to pounds of beef gain, C 
refers to pounds of corn, F refers to pounds of soilage and 
H refers to the deviations of the averagë maximum temperature 
of each observation interval from the mean maximum temperature 
for the "overall" feeding period. From the above production 
functions, the basic input-output relationships can be de­
rived. 
The marginal rates of substitution of corn for soilage 
have been derived for various soilage-corn rations at various 
levels of beef gain. The marginal rates of substitution. 
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indicate, for a given level of gain/ the pounds of soilage 
which could be replaced if an additional pound of corn were 
added to the ration. For 100 pounds of beef gain, the mar­
ginal rate of substitution of corn for soilage is 6.57 for 
the stilbestrol 20:1 soilage-corn ration and 5.17 for the 
2:1 ration. For the same level of gain, the marginal rate 
of substitution of corn for soilage is 8.11 for the non-
stilbestrol 20:1 soilage-corn ration and 7.36 for the 2:1 
ration. The marginal rates of substitution of corn for 
soilage are at a diminishing rate. Similar results were 
obtained for higher levels of beef gains. 
For a given level of gain, the least-cost ration is 
specified where the marginal rate of substitution is equal 
to the inverse feed price ratio, .i.e.., 
dF _ price per pound of corn 
à C price per pound of soilage 
Least-cost rations for various levels of gain with various 
corn-soilage price ratios have been determined for both the 
stilbestrol and no'n-stilbestrol rations. The least-cost 
ration in terms of gain may not necessarily be the ration 
that results in the maximum profits since different rations 
produce different grades (quality) of beef which sell for 
different prices. Furthermore, as cattle feeders well know, 
the time at which cattle are marketed may affect profits as 
much or more than the cost of feed. 
Time equations for the stilbestrol and non-stilbestrol 
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rations, which were derived from estimated soilage consumption 
functions, express the total time (T) required to consume a 
given quantity of corn and soilage as a function of the soil­
age (F) and corn (C) fed. The time equations for the stil­
bestrol and non-stilbestrol rations are: 
I- With stilbestrol 
•T = - 558.36128626 + .057819480 
+ 6.7475645 (6,847.57044400 - .00000523C2 
- .827679190 - .26107315H + .29640324F)^ 
II. Without stilbestrol 
T = - 1,176.48647060 + .007638990 
± 11.436640 (10,562-2245560 - .00001571C2 
+ .454609220 - 3.07787452H + .17108144F)1//2. 
The time equations can be used to predict the time re­
quired to produce various levels of gain, for different soil­
age-corn rations, by substituting into the time equations the 
predicted feed requirements for the various levels of gain. 
The time required to produce a given level of gain, for both 
the stilbestrol and non-stilbestrol rations, decreases as 
the proportion of corn in the ration increases._ Also, for a 
given feeding period the maximum level of gain is attained 
with the heaviest corn ration (i.e., the 2:1 soilage-corn 
•ration) . 
The beef steers were also graded at "definite intervals 
during the feeding period. After the grade observations 
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(which were in subjective grade terms) had been coded, a 
functional relationship that expresses grade as a function of 
the corn and soilage fed was estimated for both the stilbes­
trol and non-stilbestrol rations. The overall equations for 
estimating the grade of beef steers fed various soilage-corn 
rations either with or without stilbestrol are: 
I. With stilbestrol 
Q = 21.67 + .0024655079C + .0000220680F - .0000003510C2 
II. Without stilbestrol 
Q = 21.67 + .00162941780 + .0000270836F - .0000000330C2 
where Q, is the predicted slaughter grade which can be inter­
preted in subjective grade terms in Table 39. From these 
grade functions, the iso-grede equations as well as the mar­
ginal rates of substitution equations can be derived. 
In order to estimate the profits from feeding different 
soilage-corn rations for different length feeding periods with 
different feed price assumptions, it wes necessary to derive 
a price function that would estimate the price of the beef 
steers during the feeding period. These price functions must 
represent the grade of the beef steers during the feeding 
period as well as the market price associated with the grade. 
The estimated.price functions were used in the overall stil­
bestrol and non-stilbestrol profit functions. The profit 
equations are: 
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I. With stilbestrol 
77" = (850.00 + .116-371500 + .02316051F - .0000049955C2 
- .0000007455F2 + .0000000374CF - 1.2236046H) (.2500 
- .0000040158F + .0000382807T + .0000017537T2 
- .0000000048FT) - PqC - PpF - .2TPg - K 
II. Without stilbestrol 
•7T = (850.00 + .149718120 + .02128774F - -0000122612C2 
- .0000005775F2 - .0000037907CF - 2.2005042H) (.2500 
- .0000004996F - .000>393978T + .0000036576T2 
- .0000000281FT) - PCC - PpF - .2TPS - K 
where IT refers to the profit, Pq  refers to the price of corn, 
Pp refers to the price of soilage, Pg refers to the price of 
the supplement, K is the value of the feeder steer at the 
beginning of the feeding period and all of the other symbols 
are the same as explained earlier. 
Estimated profits from feeding beef steers various 
soilage-corn rations for various length feeding periods under 
various feed price assumptions have been tabulated. Gen­
erally, the greatest profits are obtained by feeding the 
heaviest corn ration. However, when the price of soilage is 
low relative to the price of corn, then the most profitable 
ration is a ration of less corn and more soilage. 
The equations and the procedure is also given for obtain­
ing the optimum feeding period for any given soilage-corn 
ration under different feed price assumptions. Similarly, 
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the equations and the procedure is given for obtaining the 
optimum soilage-corn ration with different feed price 
assumptions. 
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APPENDIX A 
The Exponential and Modified Cobb-Douglas 
Production Functions* 
In addition to the single equation quadratic model dis­
cussed in the text, two other models were investigated in an 
attempt to estimate the beef cattle production function. The 
first model is an exponential model involving a system of 
equations and the second model is a modified Cobb-Douglas 
function. 
The exponential function 
The first model to be presented is the exponential model 
involving a system of equations. This system of equations 
have a special form In that they form a recursive system (15, 
pp. 64-65). The recursive system of equations consists of 
the following relations: 
(68) The production function 
, . - log Gt + C1 l°g Ft = c2 +" c3Rt + c4Rt + c5Ht + u3t 
(69) The ration relation 
0%/Ft = Rt 
(70) The gain relation 
log &t = a-L + a2 log Tt + a3Rt + a4n| + a'5Ht + ult 
*The author is indebted to Dr. Wayne A. Fuller for sug­
gesting the functional form of the two functions discussed 
in this section. 
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(71) The soilage consumption relation 
log Ft = b1 + b2 log Tt + b3Rt + b4R^ + b^ + u2t 
where 
(72) u3t = ult + c1u2t 
(73 )  u 5 G j  =  u l 0  = u 2 0  = 0  
and & refers to pounds of beef gains, F refers to pounds of 
soilage, C refers to pounds of corn, R refers to the ratio of 
corn to soilage (ration), T refers to time in days, H refers 
to temperature,* the a^'s and b^'s (1 = 1, ..., 5) are con­
stants to be estimated, the Uj's (j = 1, 2) are random vari­
ables and t is an index of time denoting the observation 
period. The c^'s (i = 1, ..., 5) in equation 68 are known 
functions of the constants to be estimated in equations 70 
and 71, that is, 
(a) cj = - (dj c4 = a4 - b4 
2 b2 
(74) (b) c2 = al ~ ^  bl (e) c5 = a5 - ^  bg 
( c ) c3 = a3 - -J* b3. 
*The temperature observation is the average maximum 
temperature for the observation period. All of the other 
variables are measured in the same manner as discussed in 
an earlier section (see page 56 ff.). 
/ 
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Equations 70 and 71 are estimated by the method of least 
squares and then the two equations are combined to give equa­
tion 68• Equation 69 is an identification equation and does 
not need to be estimated. 
The model consists of two endogenous variables G and F, 
C 
and four exogenous variables T, R, R , and H. The reasoning 
behind these relations is that both the beef gains (G) and 
•the soilage consumption (F) are experimentally determined 
whereas time (T) and the ration (R) and ration squared (R2) 
are predetermined variables while temperature is truly an 
exogenous variable. 
In order to consider autocorrelation, as with the quad­
ratic function, the assumption was made that the random vari­
ables, Uj1 s (j = 1, 2), were generated by the autoregressive 
schemes : 
(75) ult = > elt 
( 76) u2t = (32u2t-l + e2t 
where 
(a) the errors, e^., are uncorrelated with each 
of the independent variables in each equa­
tion. 
(77) (b) E(elt) = 0 and the elt1s-are normally 
distributed 
(c) E(e^tejt) = < Co 
(d) E(eltejs) = 0; i = 1, 2; j = 1, 2; t ^ s 
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and the yS^1 s are the autocorrelation coefficients. 
Under the assumptions in equation 75, equation 70 may be 
written as: 
(78) (log &t " Pi log &t-l) = loS ai( 1 - f3±) 
+ a2(log Tt - log Tt_^) + a3(Ht - ySi^t-i) 
+ a4(R2 - pi^t-l) + a5^Ht - j9 lHt-l) + elt* 
Similarly, under the assumptions of equation 76, equation 71 
may be written as: 
(79) (log Ft - j9 2 log Ft-1) = log bx(l - j£2) 
+ bgtlog - pg 10S Tt-1^ + b-3^Rt ~ @2Rt-l^ 
+ b4(R2 - /3gRt-l) + b5^Ht " p2Et-l^ + e2t* 
If the variables in equations 70 and 71 are replaced by 
the transformed variables in equations 78 and 79, respective­
ly, then the error terms are not autocorrelated. An empirical 
estimate of the autocorrelation coefficient, j3 In equation 
75, was made in a manner similar to the procedure discussed 
in the text (see page 64). The autocorrelation coefficient 
j32. estimated by this procedure was .57596153 with a standard 
error of .07509728. This coefficient was highly significant 
at the .001 per cent level of confidence-* 
The autocorrelation coefficient was also used as an 
estimate of the autocorrelation coefficient £?2 in equation 
*The "t11 value for the estimated coefficient is 7.6695 
with 143 degrees of freedom. 
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76. The reasons for using the same estimate of the autocor­
relation coefficient in both equations 78 and 79 are the same 
reasons discussed earlier in the text (see page 106). 
When the original data were transformed to logarithms 
the variances between the time periods (i.e., the observa­
tion periods) were no longer homogeneous. Since the variance 
for the first time period (i.e., the first observation period) 
was approximately four times the variance of the other time 
periods, the first observations were weighted by dividing all 
the variables for the first observation period by two. This 
procedure tended to restore the homogeneity of the variance 
between time periods. 
The estimated equations The estimated gain functions 
for the overall stilbestrol and non-stilbestrol rations are: 
I. With stilbestrol 
(80) log & = .89782288 + .7232378-3 log T + 1.47167010R 
- 1.91775510R2 - .00236429H 
II. Without stilbestrol 
(81) log & = 1.06433880 + .64511669 log T + 1.2632370R 
- 1.69572540R2 - .00188145H. 
The estimated soilage consumption functions for the 
overall stilbestrol and non-stilbestrol rations are: 
I. With stilbestrol 
(82) log F = - .11743472 + 1.04132470 log T 
- 1.03246990R + .54436501R2 - .00002339H 
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II. Without stilbestrol 
(8-3) log F = - .20054633 + 1.08377530 log T 
- 1.24860120R + .75196945R2 + .00073851H. 
The production functions for the overall stilbestrol and 
non-stilbestrol rations are: 
I. With stilbestrol 
(84) G = .389-326 p*6945363 e5*°398013R-5.2863 577R2-.0054066H 
II. Without stilbestrol 
The coefficient of determination, standard errors and 
the "t11 values for the overall gain and soilage consumption 
functions are presented in Tables 54 and "55 for the stilbes­
trol rations and in Tables 56 and 57 for the non-stilbestrol 
rations, respectively. The variances of the coefficients in 
the production functions, as shown in equation 74, have not 
been computed. However, the variances of these coefficients, 
which are only approximate, may be computed. The variance-
covarlance matrix for these coefficients can be easily shown 
by making use of matrix algebra. 
(85) G = .623860 F 6440521 e4.8521485R-5.1475925R
2
-.0054288H 
Let 
(86) 
squares and cross-products. 
sum of 
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Table 54. Coefficient of determination, standard errors and 
11111 values for the overall stilbestrol gain 
function (equation 80) 
R2 
Independent 
variable 
Standard 
error of 
regression 
coefficient 
n t" 
value 
Level of 
significance 
.9788 (constant) .06226914 14.418 p < .001 
log T .02165814 33.393 p < .001 
R .16934600 8.690 p < .001 
R2 .4 £343700 4.529 p < .001 
H .00062402 3.789 p < .001 
Table 55. Coefficient of determination, standard errors and 
"t11 values for the overall stilbestrol soilage 
consumption function (equation 82) 
R2 
Independent 
variable 
Standard 
error of 
regression 
coefficient 
"t" 
value 
Level of 
significance 
.9989 (constant) • .01670231 7.031 p < .001 
log. T .00580931 179.251 p < .001 
R .04542330 22.730 p < .001 
R2 .11357800 4.793 p < .001 
H .00016733 .140 p > . 50 
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Table 56. Coefficient of determination, standard errors and 
111" values for the overall non-stilbestrol gain 
function (equation 81) 
Standard 
error of 
p Independent regression "t" Level of 
R variable coefficient value significance 
.9675 ( constant) 
log T 
R 
R* 
H 
.065646-31 16.21-3 p < .001 
.02309004 27.939 p < .001 
• 18298530 6.904 p < .001 
.45061000 3.763 p < .001 
.00061368 3.065 .001 < p < .005 
Table 57. Coefficient of determination, standard errors and 
"t11 values for the overall non-stilbestrol 
soilage consumption function (equation 83) 
R2 
Independent 
variable 
S'tandard 
error of 
regression 
coefficient 
"t " 
value 
Level of 
significance 
.9980 (constant) • .02320912 8.641 p < .001 
log T .00816344 132-760 p < .001 
R . 064694.10 19.300 p < .001 
R2 .15931100 4.720 p < .001 
H .00021700 3.403 p .001 
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(67) 
(88)  
The variancê-covariance matrix for the production func­
tion coefficients may nov; be formed by 
(89) Q £±{)x = cb = The vsriance-covariance matrix for 
' the production function coefficients 
Even though the coefficients of determination for this 
model of the beef cattle production function were quite high, 
the model had to be rejected on the basis of nutrition and 
production logic. The beef gain isoquants derived from this 
model were sigmoid curves denoting first increasing marginal 
rates of substitution between feeds and then decreasing mar­
ginal rates of substitution. - • 
While this particular model did not give reasonable 
results based on nutrition and production logic, nevertheless 
the model merits further research. 
JL2± 
0 a-, 
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9*1 
a°i aci 
3 a-5 3b-^  
a°5 d c5 
3 a5 dbl 
aci 
3b5 
a c5 
db. 
fxx'J-1 crû M-1 CJT2 
[xx']"1 0Ta [xx'] (TJz 
= 6 = A.matrix of 
the partial 
derivatives 
of the pro­
duction func 
tion coeffi­
cients 
= A = The variance 
matrix. 
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The modified Cobb-Douglas function 
The second model that was investigated in an attempt to 
estimate the beef cattle production function was a modified 
Cobb-Douglas function. While* the Cobb-Douglas function 
possesses certain important advantages, such as ease of 
estimation, the function also possesses certain shortcomings 
which are inherent in the mathematical form of the function. 
Some of the characteristic shortcomings of the Cobb-
Douglas function are: l) constant elasticity of production; 
2) the isoquant curves are asymptotic to the axes and hence 
will never intersect the axes, indicating that the product 
output will be zero whenever one of the resource inputs is 
zero; 3) along any given scale line, the slope of successive 
isoquants is the same; and 4) the function only allows for 
either increasing, constant or decreasing marginal returns. 
In order to use the Cobb-Douglas function to estimate 
the beef cattle production function it is necessary to modify 
the function to overcome the shortcomings of symmetry. In 
feeding beef cattle, various rations from all forage to 
various combinations of corn and forage may be fed. Thus 
for the all forage ration the corn input is zero. If beef-
gains are to be estimated with the classical Cobb-Douglas 
function, where beef gains = g(corn, forage), then beef gains 
will be zero whenever the cattle are fed the all forage 
ration. However, the function can be modified by replacing 
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the feed input variable corn (0) with (C + oC ). The modified 
Cobb-Douglas function for estimating the beef cattle produc­
tion function can then be written as 
(90) log = log log + a3 log(C + oC )^ 
+ a4Ht + ut 
where G- refers to pounds of beef gains, F refers to pounds of 
soilage, C refers to pounds of corn, H refers to temperature,* 
the a^'s (i = 1, ..., 4) are constants to .be estimated, u is 
a random variable, t is an index of time denoting the observa­
tion period and llcC 11 is a constant that is to be estimated 
such that 
(91 = minimum. 
In order to consider autocorrelation the assumption was 
made that the random variable u^ was generated by the auto-
regressive scheme: 
(92) ut = + et 
where fi is the autocorrelation coefficient and 
(a) the errors, e%, are uncorrelated with each of 
the Independent variables in the equation 
(93) (b) E(et) = 0 and the e^'s are normally distributed 
(c) E(ef) = <TZ < oo 
X 
(d) E(etes) = 0 t / s 
(e) eg = 0 
*A11 of. the variables (G-, F, C, and H) are measured in 
the same manner- as with the exponential function (see psa;e 
195) . 
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Under the assumptions of equation 92, equation 90 can 
now be written as : 
(94) (log - ^3log Gt-1) = log a-j_(l - /3 ) 
+ a2(log Ft - (3 log Ft-1) + a3 [log (C + oc )t 
- /2log (C + oc )t_^J + a4(log Ht - (3 log Ht-1) 
+ et • 
If the variables in equation 90 are replaced with the 
transformed variables in equation 94, then the error terms 
will not be autocorrelated. The autocorrelation coefficient, 
j3 , used to transform the data was the same coefficient used 
to transform the data in the exponential function discussed 
in the previous section. Similarly, the first observations 
were weighted in the same manner as in the exponential func­
tion and for the same reasons (see page 198). 
The estimated equations The estimated production 
functions for the overall stilbestrol and non-stilbestrol 
rations are: 
I. With stilbestrol 
(95) G = .06413187 p-45535483 (Q + 40Qj.59896829 e-.00185945H 
II. Without stilbestrol 
(96) G = .091115840 p-38061675 ^  + 60o)-62111655 e~.00155832H 
The computed coefficient of determination for the overall 
stilbestrol production function (equation 95) is .9759 while 
the coefficient of determination for the overall non-stil­
bestrol production function (equation 96) is .9631. The 
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approximate variances of the estimated regression coeffi­
cients and the constant <*• may be computed. The procedure 
for deriving the variance-covariance matrix for estimates of 
* the approximate variances of the regression coefficients and 
the constant ex. can easily be shown with the aid of matrix 
algebra. 
The production function in equations 95 or 96 can be 
written in the general form as: 
(97) In G = In c1 + cg In F + c^ In (C + ce ) + c4 H 
where the c^'s (i = 1, ..., 4) are the estimated regression 
coefficients, In denotes the natural logarithms of the produc 
t'ion function and all of the other symbols are the same as 
defined in the previous section. 
The partial derivatives of In G with respect to the 
estimated constants gives the following variables which are 
used to make up the inverse matrix: 
(1) ain G = i-
3°1 C1 
(2) 9 ln Q = in F 
acg 
(98) (3) 8ln G = m (C + OC ) 
3 c3 
(4) a In G c3 
a OC (G + oC ) 
(5) 3 In G = H. 
3 c4 
Now let Zj (j = 1, ..., 5) be a row vector of n observations 
of the variable so defined by the j th-equation in 98 
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( a )  Z l  
"  [ * [ ]  
(b) Z2 = [in F] 
(99) (c) Z3 = [in (C + ce )] 
(a) z4 • [tcttW] 
te) ZB = [H] 
(e.çr., Z± is a row vector of n "l/c^" values while Zg is a 
row vector of the n soilage observations in natural logarithms 
etc•)• 
Let Z be a matrix composed of the Zj row vectors so that 
( 100) [zz'j ™*^ = the inverse matrix 
and 
(101) [zzj 1 s2 = cp = the variance-covariance matrix 
where 
(102) s2 = ^ & - 1" &)2 
n - r 
and r is the number of constants to be estimated. The vari­
ance of the estimated regression coefficients, the c^'s, and 
the constant oc are now readily obtained from the variance-
covariance matrix, (p. 
The standard errors and the "t" values for the estimated 
constants in equations 95 and 96 have not been computed. How­
ever, the procedure for computing the approximate variances 
has been presented and if the model has not been rejected the 
variance-covariance matrix, (k, would have been computed. 
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Even though the coefficients of determination were quite 
high for this model of the beef cattle production function^ 
the model was rejected on the basis of nutrition and produc­
tion logic. The estimated overall stilbestrol production 
function gave increasing returns to scale denoting that a 
small proportional increase in the quantity of feed fed 
results in a more than a proportionate increase in beef gains 
These results are inconsistent with nutrition and production 
theory and, therefore, this particular model of the modified 
Cobb-Douglas function was rejected. 
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APPENDIX B 
Estimation of Autoregressive Coefficient when 
One Has Two Series with Common Time Means* 
Model: 
"  ( J ;  1 .  | )  _  _  b )  
( t = 1, 2, .. ., n) 
where: 
(a) i = index of lots treated alike 
(c) j = index of different treatments 
.(c) t = index of time 
(d) Xjt = the mean gain of lots treated alike at time 
t, hence, X  = q  = 0 
(e) = observed gain of the. ith lot for treatment j 
J at time t 
(f) U l j t  = /3uljx_i 
(g) /3 = the autoregressive coefficient-
(h). e1Jt A/ K.I.D.(0, <T2) (t > 0) 
(i) j q  = 0 (i-e., assume the first observation is 
zero and measured without error). 
The likelihood can be written as: 
L = 
27T <r * 
K/2 - j f IIYUt - XJt - /3(Y1Jt.1-X.t,1)] 
2 <rc 
*T'he author is indebted to Wayne A- Fuller for this 
proof that the es time te of the autoregressive coefficient, f3 , 
is a maximum likelihood estimate. 
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then 
(103a) 
3 log L 
axn 
-6 
20-'d. \ [Y ill " X11 " P^no ~ xio^] (-i) 
(103b) ô>loS L = 
ax12 
= 0 
and 
(104) 3 J-QK L = -d 
a (3 2<r' 
I I I  
i j t [Yijt " Xjt 
" P (Yijt-l " XJt-lO (Yijt-l " Xjt-l)(-l)] 
= 0 
= 0 
(105) |l°g L „ 5 f | "lit 
9 a—* 2<rc 4cr* • 
From equations 103a, 103b, ... the following relationships 
may be obtained: 
(106a) - XX1 - 0(?.1O - X1Q) = 0 
( 106b) y *12 ~ X12 ~~ ^ ( Y - %]_ - ^ 11 ) = 0 
since X ^q  and y. j0 = 0 
then 
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A % Yill 
(lU'7a) XX1 = y.i;L = -i-_ 
(107b) = y.^ 
thus 
a  X X X (%ijt - y-jt)(Yijt-i - y-jt-i) 
(1Û8) (3 = _i—J—£ 
Ç Ç Ç (Yijt-i - y-jt-i)* 
i j t 
and 
a2 
a2 S £ 2 e'ijt 
(109) (T = _1—J £ 
n 
wnere 
(HO) e1Jt - YiJt - y-jt - /3(%ijt-l ~ y-jt-i)-
Thus the estimate of f3 is a maximum likelihood estimate. 
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APPENDIX C 
The Aggregate Production Function* 
The aggregate production function as presented in this 
section is based on the same statistical assumptions as the 
overall stilbestrol and the overall non-stilbestrol functions 
presented in an earlier section. Furthermore, all the vari­
ables used in the aggregate function are defined and measured 
in the same manner as with the overall functions (see page 
56 ff. ) • 
*The aggregate production function has been tested 
against the overall stilbestrol production function and the 
overall non-stilbestrol production function to determine if 
there is a difference between the overall stilbestrol and the 
overall non-stilbestrol production functions. The following 
F test was used : 
SSEag ftn " 3SEos ftn ~ SSSon ftn 
F _ ftn ~ d*os ftn ~ ^ on ftn 
SSEos ftn + SSEon ftn 
dfos ftn + dfon ftn 
where: SSE = sum of squares for error 
df = degrees of freedom 
ag ftn = aggregrate production function 
os ftn = overall stilbestrol production function 
on ftn = overall non-stilbestrol production function. 
The computed value of F with 6 and 276 degrees of freedom is: 
F276 = 2.3448. 
The table values for F with 6 and 276 degrees of freedom are 
approximately: 
(footnote continued on next page) 
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The estimated aggregate production function is: 
(111) G = .136287270 + .02193828F - .00000819C2 
- .00000063F2 - .00000253CF - 1.75011550H. 
The coefficient of determination, standard errors and 
the "t" values for the aggregate production function are 
presented in Table 58. 
Table 58. Coefficient of determination, standard errors and 
"t" values for the aggregate production function 
(equation 111) 
R2 
Standard 
error of 
Independent regression 
variable coefficient 
"t" 
value 
Level of 
significance 
.9725 C .01144 547 11.908 p < .001 
F .00157833 13.900 p < .001 
C2 .00000404 2.027 .025 < p < .05 
F2 .00000011 5.727 p < .001 
CF ..00000128 1.977 .05 < p < -10 
H .22004461 7.954 p < .001 
(footnote continued from previous page) 
F°76 = 2.13 (the 5% level) 
'27.6 - 2.87 ( the level) 
Therefore, at the 5 per cent probability level there is reason 
to believe that there is a difference between the overall 
stilbestrol and the overall non-stilbestrol production func­
tions . However, at the 1 per cent probability level this 
disparity between the two functions is no,longer significant. 
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The beef gain isoquant equation/ as derived from the 
aggregate production function, is as follows: 
(112) F = 17,411.33333 - 2.00793651C 
+ (- 793,650.793) [(.02193828 - .000002530)2 
- .00000252(-136287270 - .00000819C2 
- 1.75011550H - &[| 
The equation for predicting the marginal rates of sub­
stitution of corn for soilage is: 
m-O -2_£ _ -13628727 - .000016380 - .Q0000253F 
v ' 90 .02193828 - .00000126F - .0000025-30 
The beef gain isoquant schedules and the marginal rates 
of substitution associated with them have been derived for 
100, 200, 300, 350 and 400 pounds of beef gain and are pre- . 
sented in Table 59. The above isoquant schedules are" de­
picted in Figure 27. 
The prediction equation for estimating the quantities of 
corn and soilage that are required to produce various levels 
of gain for different soilage-corn rations is derived from 
the aggregate production function and the ration equation 
^ = oc (see page 75 ff. for further information on the 
v  
derivation procedure)• 
The derived equation for predicting the quantities of 
corn that are required to produce various levels of gain for 
various soilage-corn rations is: 
215 
Table 59» Isoquant schedules, derived freia the aggregate quadratic function, showiî 
marginal rates cf substitution ci corn for scila e at five rain levels, . 
steers (temperature is held constant at the overall if.can) 
. 100 lbs. gain 2u0 lbs. ^ ain 300 l':c. -air. 
1,400 
i,5oo 
1,600 
1,700 
1,000 
1,900 
2, 000 
2,100 
2,200 
2,300 
2,boo 
2,500 
2,600 
2,700 
2,000 
2,yoo 
3,000 
Lbs. " Lbs. 0?D Lbs. 91' 
corn soilage Ration0 30 soilage Hation a: 
0 5,39k d 6.10 
100 It,602 46.02 7.7 h 16,715 I6y.l5 lib.01 
200 3,51:1; 1V.22 7.43 13,107- 65. yi; 20.6;' 
300 3A1U 10.38 7.16 11,112 30.il: 15.15 
liOO 2,111 6.03 j.yi 10,061 25.16 12.65 
500 1,731 3-1:6 6. 6>' • J,dbO 17.7v. 11.1*: 
600 1,072 1.7;' 7,C21 13.04 10.10 
700 6,v2 . -7. . .32 
800 5,>52 l.L,h 0.7I 
900 5,107 5.67 . 21 
1,000 4,307 Li • Ji 7 • ' »0 
1,100 3,5^ :5 3.22 7.44 
1,200 2, ,17 2.35 ",.13 
1,300 2,110 1.63 o.Jo 
soils Ilabic'n 
13,33;' 10.2 ; l,cf ». 
IO'^ II • 7.72 1; .; 
r,2o2 -.17 13. 
' ,013 5.01 11.: 
6,%31 ' 10.: 
3 • 31 . • <• 
5,0 6 2.07 • , 
4,235 2.12 1 .C 
3,455 i.~5 ( • i 
a?or each of tl.e feed combinations tn.-.re would alsf b . '.':d certain amour, t of 
be fed at the rate ..of .2 of a pound per day. 
mt-rr.'.:ial rate of substitution of corn for s- ils- ^ . 
-Ration is the ratio cf soila-je to corn. 
a
'£he all scilsge ration. 
function, showing po sible feed combinationsd and 
.ve rain levels, for bj?0 pound >ooc-to—choice feeder 
3^ 0 lb3. T.in 33'0 lbs. 1:00 lbs. gain 
_d£ r.s. a? Lbs. _a? 
?.c bi c'n 9 3 scile.ee -iction 9 G scilage Ration 9 G 
10.2; .11 
7.72 .01 
;2 Ù.17 13 
-> 
v'.Ol 11 
2_ 
o 
I..'!: 
3 • 31 
2.o7 
10 .21 
.2y 
• SS 
'j 2.12 .04 11, 2 op >.63 27 .yi; 
5 l.ij 1 " y - j ?Si 4.Ù1 13' .02 
' 3 H 67 3-5;' 12 
71/ 2.y2 . 10 • L/O 
>3 713 2.3/ •32 
1.92 j .70 
C,yti5 3.21 ly.16 
7,kie 2.56 13.32 
6,21? 2.07 10.96-
air: tinc-ur. v of tne sr Lnir.cnt s-'cirn in Td Is his sunolernent would 
• 
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ALL SOILAGE RATION 
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Figure 27. Gain isoquants and selected ration lines for the 
aggregate production function (temperature held 
constant at the overall mean) 
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(114) G = - (.1362872? + . 02193828 <* ) (- .00001638 
2 - 1  
- .00000506* - .00000126=1 ) 
• o _ 
+ (- .00001638 - .00000506*: - .00000126cC^) 
[j .13628727 + .02193828# )2 - (- .00003276 
- .00001012*: - .00000252oç.2)(- 1.75011550H 
, - *01/2-
Once the corn values for any given ration have been deter­
mined, the corresponding soilage values are readily deter­
mined with the ration equation F = ocC. 
The predicted quantities of corn and soilage, for select 
ed rations at various levels of gain (i.e., 100, 200, 300, 
350, and 400 pounds) and the associated marginal rates of 
substitution of corn for soilage are presented in Table 60. 
The ration lines corresponding to the data in Table 60 have 
been plotted in Figure 27. 
Ration lines 
Total and marginal gain equations, for eight selected 
rations, are derived from the aggregate production function 
and are shown in Table 61 (see page 79 ff. for more informa­
tion on the derivation of the ration equations). The pre­
dicted total gain values for various levels of feed input, 
for the eight selected rations, are shown in Table 62 and 
plotted in Figure 28. The estimated marginal gain values cor 
responding to the total gain values are presented in Table 63 
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Table 60. Corn and soilage quantities2 and the marginal rate of substitution alon. 
for selected rations (temperature is held constant at the overall mean) 
Ration 
f ratio of - 100 lbs. ~ain 200 lbs. rain 300 lus. g; 
soilage Lbs.0 Lbs.c a?c! Lbs. Lbs. d F • Lbs. jj Os • 
- to corn) soilage corn ac . soilage corn a : soilage ccrn 
All soilage 5,39b a.lo 
20:1 3,336 l*b 7.15 bob 11.61 
15:1 3,555 233 7.32 c,302 553 10.5b 
10:1 3,067 307 7. in 6,92b 6y2 .^37 ' 13,0^ 7 1,3P7 
3:1 2,779 3b 7 7.0b 6,lo6 773 ti.tio 11,003 1,3:5 
5:1 2,173 b35 6.53 b,731 i'b6 0.01 8,00b 1,501 
3:1 1,572 521: 6.6b 3,371 1,1-3 7.36 5,53S 1, Obo 
2:1 1,170 5-'5 6.52 2,b92 l,2b6 7.00 b,0b7 2,02b 
"•For each of the feed combinations there >:cu.la slsr be isc a certain amount of 
be fed at the rate of .2 of a. pound p^ r day. 
T^he all soilage value vas derived from equation 112, all other values were 'de 
""Derived from equation 111:. 
. T^he marginal rate of substitution of corn for soilage. 
.en al on 3 the 100, 200, 300, 350 and bOO pound "beef gain isoquants 
L1 :nc'cn) 
? lus, ycln 350 lbs, gain bOO lbs, gain 
Lbs. dj_ Lbs. Lbs. âj. Lbs. Lbs. a? 
ccrn QZ scilars corn QZ soilage corn 3 C 
1,3P7 37.7b 
1,3:5 l-.lb 
1,501 11.51 10,225 2,0b5 19. '•'>1 
1, --Ùb 8.^  6,661 2,237 10. 55 d,b&b 2,c2b 16.73 
2,02b 7.v3 yob 2,bol 0. 13 6,03b 3,017 10.69 
mount of the sx:p: le;;i^ nt s heun in Table 3- This sunoleinent would 
were derived from the ration equation o<C. 
Table 61. Total and marginal gain equations, derived from aggregate production 
function, for selected rations for 850 pound good-to-choice feeder 
steers 
Ration a Total gain 
Prediction equations for: 
Marginal gain 
Ration A 
All soilage 
GA 
• p 
= .02193828 yAc- .00000063 rJ 
- 1.75011550H 
3GA 
S*A -
.02193828 - .00000126YA 
Ration 
20:1 
B = .02738347 TB - .00000070 Y§ 
- 1.75011550H 
3GB 
3 Tg 
.02738347 - .00000140Tb 
Ration 
15:1 
C GC = .02908509 YC - .00000073 
- 1.75011550H 
d Gc 
3YC " 
.02908509 - .00000146 
Ration 
10:1 
D °D = .03233364 yD - .00000080 
- 1.75011550H 82TD ~ 
.03233364 - .00000160 f-Q 
Ration 
8:1 
E <*E = .03464372YE ~ .00000085 Tf| 
- 1.75011550H 
9GE 
a*E ~ 
.03464372 - .000001707TE 
Ration 
5:1 
F Gp = .04099645 yF - . 00000102 
- 1.75011550H 
d gF 
32Tp 
.04099645 - .00000204 Yf 
Ration 
3:1 
G GG = .05052553*0 - .00000134 
- 1.75011550H 
•3gG 
3Y& " 
.05052553 - .00000268 Hq 
Ration 
2:1 
H gh = .06005461#% - .00000175 
- 1.75011550H 
dGH 
.06005461 - .000003 50 Yh 
\ 
aRatlon is the ratio of soilage to corn. 
b 
"îf denotes total pounds of feed of the ; particular ration. 
Table 62. Estimated total gain from various total feed quantities8 of selected 
soilage-corn rations fed to 850 pound good-to-choice feeder steers" 
Pounds Total e;ain° in pounds for selected rations:d 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
500 10.8 13.5 14.4 16.0 . 17.1 20.2 24.9 29.6 
1 000 21.3 26.7 28.4 31.5 33.8 40.0 49.2 58.3 
1 500 31.5 39.5 42-0 46.7 50.1 59.2 72.8 86.1 
2 000 41.4 51.9 55.2 61.5 65.9 77.9 95.7 113.1 
2 500 50.9 64.1 68.1 75.9 81.3 96.1 117.9 139.2 
3 000 60.1 75.8 80.6 89.8 96.3 113.8 139.5 164.4 
• 3 500 69.1 87.2 92.8 103.4 110.9 131.0 160.4 188.7 
4 000 77.7 98.3 104.6 116.6 125.0 147.7 180.7 212.2 
4 500 86.0 109.0 116.0 129.4 138.7 163.9 200.2 234.8 
5 000 93.9 119.3 127.1 141.7 152.0 179.6 219.1 256.5 
5 500 101.6 129.3 137.8 153.7 164.9 194.7 237.3 277.3 
6 000 108.9 138.9 148.1 165.3 177.3 209.4 254.9 297.2 
6 •500 116.0 148.2 158.0 176.5 189.3 223.5 271.8 316.3 
7 000 122.7 157.2 167.6 187.3 200.9 237.2 288.0 334.5 
7 500 129.1 165.7 176.9 197.6 212.1 250.3 303.5 351.8 
8 000 135.2 174.0 185.7 207.6 222.8 262.9 318.4 368.3 
8 500 141.0 181.8 194.2 217.2 233.1 275.0 332-6 383.9 
9 000 146.4 189.4 202.3 226.4 243.0 286.6 346.1 398.6 
9 500 151.6 196.5 210.1 235.2 252.5 297.7 359.0 412.4 
10 000 156.4 203.4 217.5 243.6 261.6 308.3 371.2 425.3 
10 500 160.9 209.8 224.5 251.6 270.2 318.4 382.7 437.4 
11 000 165.1 215.9 231.1 259.2 278.4 328.0 393.6 448.6 
11 500 169.0 221.7 237.4 266.4 286.2 337.0 403.7 458.9 
12 000 172.5 227.1 243.3 273.2 293.5 345.6 413.3 468.3 
12 500 175.8 232.2 248.9 279.6 300.4 353.6 422.1 476.9 
13 000 . 178.7 236.9 254.1 285.6 306.9 361.2 430.3 484.6 
13 500 181.3 241.2 258.9 291.2 313.0 368.2 437.8 
14 000 183.7 245.2 263.3 296.4 318.7 374.7 
14 500 185.6 248.9 267.4 301.2 . 323.9 
15 000 187.3 252.2 271.1 305.6 
15 500 188.7 255.1 274.5 1 
6,500 116.0 148.2 158.0 176.5 189.3 223.5 271.8 316.3 
7,000 122.7 157.2 167.6 187.3 200.9 237.2 288.0 334.5 
7, 500 129.1 165.7 176.9 197.6 212.1 250.3 303.5 351.8 
8,000 135.2 174.0 185.7 207.6 222.8 262.9 318.4 368.3 
8,500 141.0 181.8 194.2 217.2 233.1 275.0 332-6 383.9 
9,000 146.4 189.4 202.3 226.4 243.0 286.6 346.1 398.6 
9,500 151.6 196.5 210.1 235.2 252.5 297.7 359.0 412.4 
10,000 156.4 203.4 217.5 243.6 261.6 308.3 371.2 425.3 
10,500 160.9 209.8 224.5 251.6 270.2 318.4 382.7 437.4 
11,000 165.1 215.9 231.1 259.2 278.4 328.0 393.6 448.6 
11,500 169.0 221.7 237.4 266.4 286.2 337.0 403.7 458.9 
12,000 172.5 227.1 243.3 273.2 293.5 345.6 413.3 468.3 
12,500 175.8 232.2 248.9 279.6 300.4 353.6 422.1 476.9 
13,000 . 178.7 236.9 254.1 285.6 306.9 361.2 430.3 484.6 
13,500 181.3 241.2 258.9 291.2 313.0 368.2 437.8 
14,000 183.7 245.2 263.3 296.4 318.7 374.7 
14,500 185.6 248.9 267.4 301.2 . 323.9 
15,000 187.3 252.2 271.1 305.6 
15,500 188.7 255.1 274.5 1 
16,000 189.7 257.7 
16,500 . 190.5 
17,000 190.9 
aIn addition to the feed fed there would also be fed a certain amount of 
the supplement shown in Table 3. This supplement would be fed at the rate of 
.2 of a pound per day. 
^Temperature is held constant at the overall mean. 
°A11 values are derived from the equations in Table 61. 
&The ration is the ratio of soilage to corn. 
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Figure 28. Feed-gain transformation curves for selected 
rations derived from the aggregate production 
function (temperature held constant at the 
overall mean) 
Table 63. Estimated marginal gain from various total feed quantities of selected 
soilage-corn rations fed to 850 pound good-to-choice feeder steers 
Pounds Marginal gain5 in pounds for selected rations: 
of feed 
fed 
All 
soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
500 . 0213 .0267 .0284 , .0315 .0338 .0400 .0492 .0583 
1,000 .0207 .0260 .0276 . .0307 .0329 .0390 .0478 .0566 
1,500 .0200 .0253 • .0269 .0299 .0321 .0379 .0465 .0548 
2,000 .0194 .0246 .0261 .0291 .0312 .0369 .0452 .0530 
2, 500 .0188 .0239 .0254 .0283 .0304 .0359 .0438 .0513 
3,000 .0182 .0232 .0247 .0275 .0296 .0349 .0425 .049 5 
3,500 .0175 .0225 .0239 .0268 .0287 .0339 .0411 .0478 
4,000 . .0169 .0217 ' .0232 .0260 .0279 .0329 .0398 .0460 
4,500 ^ .0163 .0210 .0225 .0252 .0270 .0318 .0385 .0443 
5,000 .0156 .0203 .0217 .0244 .0262 .0308 . 0371 .0425 
5, 500 .0150 .0196 .0210 .0236 .0253 .0298 .0358 .0408 
6,000 .0144 .0189 .0203 .0228 .0245 .0288 . 0344 . 0390 
6,500 . 0137 .0182 .0195 .0L20 .0236 .0278 .0331 ' .0373 
7,000 .0131 .0175 .0188 .0212 .0228 .0268 .0318 .0355 
7,500 • ' .01^5 .0168 .0181 .0204 .0219 .0258 .0304 .0338 
8,000 .0119 .0161 .0173 .0196 .0211 .0247 .0291 .0320 
8, 500 .0112 .0154 .0166 .0188 .0202 .0237 .0277 .0303 
9,000 . .0106 .0147 • .0159 .0180 .0194 .022? .0264 . .0285 
9,500 .0100 . .0140 .0151 .0172 .0185 .0217 .0251 .0268 
10,000 .0093 .0133 .0144 .0164 .0177 .0207 . 0237 .0250 
10,500 .0087 .0126 .0137 .0156 .0168 .0197 .0224 .0233 
11,000 .0081 .0119 ..0129 .0148 .0160 .0186 .0210 .0215 
11, 500 .0074 .0112 .012% ' .0140 .0151 .0176 .0197 .0198 
12,000 .0068 .0105 .0115 .0132 . 0143 .0166 .0184 .0180 
12,500 . 0062 .0098 .0107 .0124 .0134 .0156 .0170 .0162 
13,000 .0056 .0091 .0100 .0116 .0126 .0146 .0157 .0145 
13,500 .0049 .0084 .0093 .0108 .0117 . 0136 .0143 
14,000 .0043 .0077 .0085 .0100 .0109 .0125 
14,500 .0037 .0069 .0077 .0092 .0100 
15,000 .0030 . 0062 .0071 .0084 
15,500 .0024 .0055 .0063 
16,000 .0018 .0048 
16,500 . 0011 
17,000 .0005 
aAll values are derived from the equations in Table 61. 
bThe ration is the ratio of soilage to corn. 
